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THE  MISSION  OF  AGARD 


The  mission  of  AGARD  is  to  bring  together  the  leading  personalities  of  the  NATO  nations  in  the  fields  of  science 
and  technology  relating  to  aerospace  for  the  following  purposes: 

-  Exchanging  of  scientific  and  technical  information; 

-  Continuously  stimulating  advances  in  the  aerospace  sciences  relevant  to  strengthening  the  common  defence 
posture. 

-  Improving  the  co-operation  among  member  nations  in  aerospace  research  and  development; 
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connection  with  research  and  development  problems  in  the  aerospace  field; 

-  Providing  assistance  to  member  nations  for  the  purpose  of  increasing  their  scientific  and  technical  potential; 

-  Recommending  effective  ways  for  the  member  nations  to  use  their  research  and  development  capabilities  for 
the  com'-vjn  benefit  of  the  NATO  community. 
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composed  of  experts  appointed  by  the  National  Delegates,  the  Consultant  and  Exchange  Programme  and  the  Aerospace 
Applications  Studies  Programme.  The  results  of  AGARD  work  are  reported  to  the  member  nations  and  the  NATO 
Authorities  through  the  AGARD  series  of  publications  of  which  this  is  one. 
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SUMMARY 


This  conference,  held  in  Lisbon,  Portugal,  P2-2P  October  1979,  considered  several 
aspects  of  high  performance  aircraft  currently  in  the  RATO  inventory  so  that  the  prob¬ 
lems  associated  with  the  human  operator  in  future  high  performance  aircraft  can  be  more 
clearly  delineated  and  prepared  for.  The  three  aircraft  discussed  were  the  F-16, 
tlira — ' ■  2000,  and  Tornado.  The  operational  roles,  aircrew  systems,  and  human  factors 
aspects  of  these  aircraft  were  considered  in  detail  by  experts  from  the  United  Kingdom, 
United  States,  and  France.  3ach  expert  was  selected  and  Invited  to  prepare  a  paper  for 
presentation.  The  papers  were  not  reviewed  or  edited  by  the  Aerospace  Medical  Panel 
prior  to  presentation. 

The  plan  for  the  session  was  to  have  presentations  of  ti'.e  operational  roles  of  the 
aircraft  first  in  order  to  set  the  stage  for  consideration  of  the  advanced  aircrew 
systems  in  these  aircraft  and  thence  to  discussion  of  the  human  factors  aspects  of 
operating  these  aircraft.  This  last  aspect  is  of  special  significance  to  the  Aerospace 
Medical  Panel  since  the  human  operator  problems  of  the  current  aircraft  are,  in  all 
probability,  the  types  of  problems,  but  magnified,  to  be  encountered  in  future  high 
performance  aircrafv.  Thus,  scxae  direction  is  indicated  as  to  what  kinds  of  research 
need  to  be  performed  In  order  to  meet  the  demands  made  on  the  operator  in  new  aircraft. 


PREFACE 


The  introduction  of  new  high  performance  aircraft  into  the  NATO  coea unity  will 
impose  additional  physical,  physiological,  and  psychological  demands  on  the  aircrew. 
Weapon  systems  are  no  more  effective  than  their  human  operators'  capabilities;  thus, 
the  system  is  merely  an  extension  of  the  operator's  sensory,  muscular,  and  cognitive 
capacities  in  responding  to  all  of  the  mission  stresses.  To  ensure  accomplishment  of 
operational  missions,  the  relationship  between  man  and  the  system  he  operates  must  be 
as  compatible  as  possible.  The  NATO  aerospace  medical  coaanunity  must  be  aware  of  the 
performance,  systems,  and  operational  characteristics  of  the  current  high  performance 
aircraft  in  relation  to  the  human  operator's  physiological,  cognitive,  psychoreotor,  and 
perceptual  capabilities.  Identification  of  biotechnical  research  needs  is  critical  and 
must  be  underway  as  soon  as  possible  so  that  appropriate  medical  selection,  training, 
and  assignment  criteria  may  be  established  for  future  aircraft,  as  well  as  development 
of  additional  protective  equipment  and  systems. 

In  order  to  provide  a  background  for  tbe  above  requirements,  the  Long  Range  Planning 
Subcommittee  conceived  a  symposium  which  would  consider  the  operational  roles,  aircrew 
systems,  and  human  factors  aspects  of  three  advanced  aircraft:  The  F-16,  Mirage  2000, 
and  Tornado.  The  proposed  session  was  presented  to  the  Aerospace  Medical  Panel  at  the 
34th  Annual  Business  Meeting  in  1577  and  accepted  for  the  program  of  the  36th  Annual 
Meeting  in  Lisbon,  Portugal,  22-26  October  1979.  Nine  detailed  presentations  were 
planned,  three  on  each  of  the  aircraft. 

The  presentations  were  of  30  minutes  duration  and  a  discussion  period  was  planned 
at  the  end  of  each  three  papers.  However,  only  one  discussion  period  sas  held,  at  the 
end  of  the  session.  The  discussions  have  been  edited  by  the  Session  Organiser  based 
primarily  on  tape  recordings  and  notes,  and  they  were  not  reviewed  by  the  discussants. 
Because  of  technical  difficulties  encountered  in  the  recording  systefa,  the  discussions 
are  not  complete.  However,  as  much  of  the  discussion  is  included  as  was  possible  under 
tbe  circumstances. 
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Introduction 


In  response  to  a  proposal  presented  by  the  Long  Range  Planning  Subcommittee  to  the 
Aeiospace  Medical  Panel,  a  scientific  session  was  planned  for  the  36th  Panel  Business 
Meeting  and  Specialists  Meeting  held  in  Lisbon,  Portugal,  22-26  October  1979.  The 
session  was  titled  "Operational  R^les,  Aircrew  Systems  and  Hasan  Factors  in  Future  High 
Performance  Aircraft."  Invitations  were  extended  to  nine  experts  from  France,  tbe 
Cnited  States,  and  the  Dnited  Kingdom  to  present  papers  of  30-minutes  duration.  One 
day  was  devoted  to  this  session. 

The  session  was  logically  divided  into  three  subsessions,  each  with  toree  speakers 
and  a  chairman.  The  plan  was  to  have  a  30-ainute  discussion  period  at  the  end  of  each 
subsession.  However,  because  of  overruns  only  one  discussion  period  was  held  at  the 
end  of  the  session.  The  subsessions  were  concerned  with  tbe  three  aspects  of  advanced 
aircraft  indicated  in  the  title:  namely,  operational  roles,  aircrew  systems,  and  human 
factors.  The  three  examples  of  high  performance  aircraft  currently  in  the  NATO  inventory 
which  were  discussed  were  the  F-J6,  the  Mirage  2000,  and  the  Tornado.  These  were 
considered  to  be  prise  examples  o'  the  trend  in  advanced  weapons  systems  and  would  be 
indicative  of  future  human  operator  requirements  and  problems. 

Summary  of  Commnicatioas 

The  authors  were  given  freedoa  in  deciding  the  content  of  their  papers  within  the 
general  constraint  of  the  three  themes  of  the  symposium.  The  first  three  speakers  set 
the  stage,  so  to  speak,  for  the  remaining  speakers  by  describing  in  some  detail  the 
operational  roles  of  the  three  aircraft  and  illustrating  these  roles  by  showing  types 
of  missions  which  sight  be  flown  and  the  weapons  which  might  be  used  during  those 
missions. 

The  three  papers  on  aircrew  systems  were  quite  varied  in  content.  Content  varied 
from  t.  consideration  of  information  transfer  of  essentially  a  single  complex  system 
(missile  fire  control)  (USA)  to  a  discussion  of  many  systems  (cabin  environmental,  g- 
protection,  oxygen  escape,  restraint  systems,  etc.)  (UK),  to  a  discussion  of  the  weapon 
systems  involved  in  various  mission  scenarios  (FR).  This  subsession  did  not  therefore 
give  a  uniform  picture  if  the  aircrew  systems  of  tbe  three  aircraft. 

The  last  set  of  three  papers  addressed  human  factors  aspects  of  these  advanced 
aircraft.  Again,  presentations  varied  from  a  consideration  of  the  interplay  of  human 
factors  technology  with  system  design  during  the  concept  phase  of  development  (DSA)  to 
a  discussion  of  effects  of  acceleration,  high  altitude,  and  mental  workload  required 
during  various  missions  (FS)  to  a  consideration  of  crew  comfort  and  those  factors  which 
affect  comfort,  to  physiological  aspects,  workload,  psychological  aspects,  automation 
and  spatial  disorientation  (Ca). 

Conclusions  and  Recoasendat ions 


The  objective  oi  this  symposium  was  somewhat  of  a  departure  from  other  technical 
meetings  sponsored  by  tbe  Aerospace  Medical  Panel.  Specific  weapon  systems  currently 
in  the  NATO  inventory  were  discussed  with  the  aim  of  describing  current  aircrew  roles 
and  problems  and  thereby  pointing  out  potential  problems  in  future  high  performance 
aircraft  It  appears  to  me  that  this  type  of  meeting  is  exceptionally  valuable  because 
it  is  oriented  to  the  future  and  does  not,  as  we  arc  so  often  inclined,  concentrate  on 
current  problems  without  regard  to  what  problems  will  occur  in  a  few  years.  That 
philosophy  encourages  maintenance  of  a  reactive  role  and  does  not  stimulate  a  more 
positive  catalyst  role  for  the  NATO  coeaunity.  He  must  anticipate  the  future  an a  plan 
our  research  priorities  accordingly. 

An  additional  dividend  of  this  type  of  mee'ing  was  that  it  involved  operational 
personnel  as  well  as  the  scientific  community.  The  knowledge  tad  experiences  of  opera¬ 
tional  people  add  another  dimension  to  our  ability  to  determine  the  human  problems 
associated  with  advanced  weapon  systems.  The  Aerospace  Medical  Panel  now  has  a  firm 
grasp  of  the  complex  roles,  systems,  and  aircrew  aspects  of  the  three  weapon  systems 
discussed. 


It  would  be  ay  recceaendation  that  another  syjnposiua,  patterned  such  the  sane  as 
this  one,  be  convened  m  three  to  five  years.  The  objective  o  1  that  sysposiua  would  be 
to  build  on  the  current  one  but  with  the  additional  ais  of  delineating  the  problems 
which  would  be  associated  with  future  aircraft  such  as  control  contoured  vehicles. 

Three  to  six  experts  would  be  invited  to  present  papers,  and  a  j.\nel  cosposed  of  the 
speakers  as  well  as  additional  experts  would  round  out  the  session  with  a  discussion  of 
the  direction  research  should  take  in  order  to  anticipate  and  neet  the  requirements  of 
future  aircraft.  Experts  frea  other  4GARD  panels  should  be  invited  to  sit  on  the 
discussion  panel. 
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On  behalf  of  the  Chief  of  Staff.  Portuguese  Air  Force,  it  is  my  great  pleasure  to  greet  the  members  of  the  Aerospace 
Medical  Panel  on  the  occasion  of  its  meeting  for  the  second  time  in  Portugal. 

It  is  indeed  a  great  privilege  for  Us  to  host  once  again  this  meeting  of  ieadir.g  personalities  of  NATO  in  th-  fields  of 
science  and  technology  relating  to  aerospace.  We  hope  that  your  work  will  be  fruitful  and.  simultaneously,  that  you  will 
be  afforded  the  opportunity  of  enjoying  some  of  the  natural  beauties  of  ray  country,  and  of  meeting  some  of  .ts  people 
whose  hospitality  and  friendliness  !  always  like  to  emphasize. 

The  short  words  of  welcome  !  am  honoured  to  address  to  you  at  this  opening  ceremony  have,  as  a  starting  point,  a 
brief  comment  on  the  circumstances  that  set  the  framing  for  the  Portuguese  Aimed  Forces. 

Portugal,  the  oldest  state-nation  of  Europe,  is  going  nowadays  through  a  very  difficult  period  of  its  already  long  life 
as  an  independent  country  At  this  historical  moment,  on  its  shoulders  fell,  simultaneously ,  the  consequences  of  a  grave 
crisis  in  the  world  economy  and  the  effects  of  a  sudden  and  disordered  withdrawal  from  territories  tn  the  African  continent 
which  we  have  for  centuries,  colonized,  administered,  developed,  explored  and  loved. 

The  unexpected  drying  up  of  preferential  sources  of  raw  materials  and  food  products,  the  closing  of  complementary 
and  privileged  markets,  and  the  return  of  over  half  a  million  refugees  (just  to  mention  the  most  important  events!  we 
altogether  a  severe  blow  for  the  faint-hearted  Portuguese  economy .  badly  shaken  already  by  thirteen  years  of  erosive 
guerrilla  warfare  with  no  military  solution.  The  progressive  rise  in  ofl  pricey  worldwide  not  only  hampered  the  expected 
economic  recovery,  but  contributed  to  an  aggravation  cf  the  situation. 


As  a  corollary  to  this  and  also  why  not  mention  it  a  certain  tendency  of  the  Portuguese  people  to  the  anarchic 
populism,  the  internal  order  of  the  country  was  badly  degraded  and,  with  it.  the  production  output.  In  parallel,  a 
profound  crisis  of  national  identity  developed  as  well,  more  profound  even  than  the  economic  and  poboca!  crisis,  which 
will  take  a  longer  time  to  overcome.  Confused  and  disoriented,  the  Portuguese  question  themselves  about  the  “collective 
sense  of  their  destine”,  and  search  for  the  “accurate  definition  of  their  own  space  3mong  the  other  nations". 

The  times  we  are  living  in  are.  therefore,  times  of  crisis,  political,  economical  and  of  national  identity. 

In  this  national  frame,  of  course,  live  the  Armed  Forces. 

The  effect  of  the  crisis  on  them  is  obvious. 

During  the  past  stage  of  greater  social  instability,  the  armed  forces  lived  through  moments  of  almost  total  anarchy, 
during  which  they  suffered  a  profound  split  and  were  used  as  a  plaything  in  the  hands  of  the  various  political  groups.  It 
was  a  rather  troubled  period  resulting  from  the  political  inexperience  and  ingenuousness  of  the  servicemen. 

However,  recovered  after  having  teen  caught  by  surprise,  when  the  fundamental  values  from  which  they  stem 
naturally  emerged  again  to  definitely  muffle  down  the  false  myths  and  Utopian  demagogsm,  they  managed  to  tree 
themselves  from  the  mess  where  blindly  and  apathetically  they  had  fallen. 

Today,  all  servicemen  “trustees  of  tamed  violence"  although  aware  of  the  importance  of  then  role  in  the 
nation’s  political  life,  wish  to  resume  the  classic  role  of  watching  out  for  the  national  security,  within  the  framework 
of  the  established  democratic  rule  ami  in  total  subordination  to  me  legitimate  political  power,  wink  responsible  for 
determining  the  time  and  place  where  force  shall  be  used. 


1  expect  that  the  Portuguese  Armed  Forces  will  never  again  become  an  instrument  of  political  forces,  other  than  the 
ones  which  represent  the  will  of  the  people  and  the  national  interests. 

They  stand  watdi  for  the  deceiving  mermaids  song,  for  the  seducing  fate  pleas,  no  matter  -there  they  come  from, 
oc causa  they  shatter  the  unity  so  peculiar  to  the  military  institution,  and  mdopensabk  as  a  solid  foundation  tc  its 
strength 

At  the  time,  1  believe  one  can  make  ipph. . *  k  to  the  Portuguese  Armed  Forces  the  old  popular  saying,  “a  burnt 
chad  dreads  the  fire”. 

It.  what  concerns  then  operational  capability,  the  Armed  Forces  _-ie  obviously  affected  by  the  severe  constramu 
of  our  economy » and  also  by  a  clear  anti-military  social  attitude  bared  mamh  on  economic  but  also  on  political 
consideralions.  In  our  particular  case,  there  are  still  individuals  and. or  political  groups  interested  in.  or  determined  tc 
foment  instability  withm  the  Armed  Forces,  for  well-known  but  not  publicly  stated  reasons.  Others  accuse  the  Armed 
Forces  of  uselessly  consuming  Rational  resources  badly  needed  in  projects  of  economic  development.  Ark.  there  are  -then 
who  defend,  as  a  matter  of  convenience,  tne  existence  of  the  Armed  f  orces,  usmg  them  as  scapegoats  to  be  blamed  for 
any  thing  that  goes  wrong  in  the  political  and  economic  fields,  and  also  for  their  own  shortcomings  and  unfitness. 

The  development  of  a  situation  .ike  this,  I  believe,  is  by  no  means  r  iclusne  to  Portugal.  Most  likely .  it  look  place 
as  wefl  in  other  -countries  that  hved  through  periods  of  similar  social  turmoil.  economic  crisis  or  stages  of  ie  -shipment 

Although  the  non t seal  leadership  has,  thus  far.  avoided  getting  involved  with  the  definition  of  the  national 
defense  organization  and  policy,  so  to  danfy  the  image  and  role  of  the  Armed  Forces  within  the  Portuguese  society  af 
today ,  mainly  because  such  a  definition  means  assuming  responsibility  for  providing  them  with  the  material  means 
necessary  to  cany  the  assigned  mission,  one  can  nevertheless  say  that  the  Portuguese  Armed  Forces  deduced  mission 
is  relatively  evident,  at  least  on  its  qualitative  aspects. 

in  so  far  as  the  Air  Force  is  concerned,  its  available  resource  '**  oats  it  Irks  to  obtain,  under  the  circumstances, 
represent  a  minimum  requirement  for  carrying  out  the  tasks  which  th.  Portuguese  Constitution  broadly  defines,  for 
fulfilling  international  commitments,  or  simply  to  enable  its  routine  training  in  order  to  keep  its  laluabk  experience 
acquired  in  the  operational  environment. 

Within  this  line  of  thinking,  tue  Air  Force  does  not  have,  at  the  present  either  the  capability  to  operate 
high-performance  aircraft,  such  as  F-16.  Mirage  2000  or  Tornado,  or  the  h^pe  to  acquire  it  in  the  short  term 

Neither  is  Portugal  politically  engaged  in  any  sort  of  armaments  rare,  nor  do  we  the  raditary  people  wish  tc  deviate 
to  the  armaments  field  the  scarce  economic  resources,  so  badly  required  to  satisfy  our  people  s  basic  needs,  through 
its  investment  in  projects  of  economic  and  social  development 

On  the  other  hand.  we  consider  it  essential  to  strike  a  balance  between  the  sophistication  of  the  air  assets  in  our 
inventory  and  the  tedusoiopca!  development  of  the  country .  thus  recognizing  that,  to  have  aircraft  of  such  high 
performance  whose  maintenance  van't  be.  to  a  minimum  degree,  supported  by  tire  national  industry .  is  not  of  national 
interest.  We  admit,  howe  ver,  as  berefiaal.  the  existence  of  a  cerium  technological  gap  to  act  as  a  challenge,  and  to 
stimulate  progress  and  transfer  of  "know-how* . 

The  As?  Force  is.  therefore,  at  the  tune,  one n-mting  its  mam  efforts  to  the  optimization  of  the  human  and  material 
resources  already  available.  to  the  development  of  the  individual  capabilities  «,f  its  men.  and  to  improving  its  decieo*- 
making  process. 

At  the  same  tune,  ra  the  technical  and  scientific  fields,  it  tries  to  be  in  touch  with  the  most  recently  produced 
technology  or  scientific  breakthroughs. 

Therefore,  the  Portuguese  An  Force,  although  operating  an  airplane  generation  obsolete  by  the  standards  T  the 
most  developed  countries,  but  nevertheless  sttH  fit  to  carry  out  its  mission  in  the  national  framework,  permanently 
struggles  to  keep  itself  up-to-date  with  the  development  and  operational  use  of  high  performance  airplanes  and  related 
problems. 

This  line  of  thought  justifies  our  deep  interest  and  great  satisfaction  m  hosting  ths  56th  Panel  Business  and 
Specialist  Meeting  here  m  Portugal. 

Out  An  Force  medical  doctors,  who  integrate  with  the  NATO  Aerospace  medical  community .  will  have  the 
opportunity  to  team  about  the  operational  performances  of  the  most  advanced  airplanes  m  being,  or  projected  to  be  used 
tn  Europe,  and  also  about  tire  problems  related  to  *he  selection,  training  aw!  required  capacity  of  then  crews  to  cany  cwt 
missions  under  heavy  mental  and  physical  stress,  they  win.  for  sire,  braider,  their  views  and  understanding  of  the 
problems  that  will  affect  our  crews  in  the  future. 


Some  of  our  most  qualified  pilots  also  have  the  opportunity  of  coming  to  this  meeting.  Like  all  pilots  they  are 
always  eager  u>  fly  higher  and  faster.  They  will,  therefore,  have  the  possibility  to  listen  to  the  interesting  communications 
you  are  going  to  make,  according  to  their  proposed  titles,  and  to  anticipate  some  thinking  about  the  problems  of  the 
operational  use  of  high-performance  airplanes  which,  some  day,  they  may  have  the  chance  to  fly  themselves.  They  can 
start  getting  adjusted  tc  the  restrictions  imposed  by  a  heavily  hostile  environment,  flying  faster,  yes,  but  definitely  much 
lower. 

When  the  time  comes  to  do  it,  a  solution  may  have  been  found  for  many  of  today’s  problems,  as  a  consequence  of 
the  studies  developed,  anu  the  exchange  of  scientific  and  technological  inform:  tion,  an  exchange  which  is  made  easier 
and  encouraged  by  meetings  like  the  one  you  are  going  to  have  here. 

From  our  side,  as  host  nation,  we  will  retain  a  modest  feeling  of  participation,  if  not  through  a  diiect  and  productive 
contribution  to  the  studies  to  improve  performance  of  men  and  weapons  in  an  hostile  environment,  at  least  through  the 
administrative  arrangement  of  this  meeting,  through  our  presence  here  and  our  great  interest  in  the  subject ,  and  certainly 
with  our  most  warm  welcome  to  all  of  you.  This  feeling  of  participation  is,  in  its  simplicity,  useful  from  a  psychological 
point  of  view.  It  gives  us  the  impression  of  having  moved  a  step  forward  no  matter  how  little  it  may  be  towards  the 
more  developed  nations  of  the  North,  a  step  that  may  not  be  long  enough  to  narrow  the  ;ap,  but  will  be  big  enough  to 
prevent  the  gap  from  widening. 

1  suppose,  that,  in  fact,  one  can  consider  your  coming  tu  us,  within  the  perspective  of  the  North-South  approach. 

We  all  are  aware  of  the  disparity  between  the  highly  industrialized  nations  and  the  less  developed  countries  -  the 
more  seriously  affected  by  the  world  economic  crisis  and  we  all  know  how  it  tends  to  aggravate  itself  and  to  become 
a  souice  of  tension  and  conflicts. 

Nowadays,  in  opposition  to  the  until  recently  dominant  way  of  thinking,  the  long-term  development  -  a  strategic 
objective  in  every  country  is  considered  to  be  far  more  impendent  upon  cultural,  social  and  political  changes  than  upon 
a  wider  availability  of  material  resources. 

Portugal  underwent  already  and  still  is  undergoing  changes  of  that  nature.  The  respective  fruits  will  be  picked 
eventually,  but  only  in  the  long  term. 

In  this  picture  of  the  Portuguese  situation  I  have  tried  to  draw  for  you,  using  colors  somewhat  covered  by  heavy 
shades,  the  Portuguese  Air  Force,  with  the  energy  and  enthusiasm  of  its  youth,  keeping  itself  strongly  motivated  and 
internally  cohesive.  In  spite  of  the  difficulties,  setbacks  and  not  too  good  perspectives,  the  Air  Force  has  found  in 
itself  the  necessary  stamina  to  develop  its  operational  capacity,  bearing  in  mind  that  progress  is  more  dependent  upon  its 
own  initiative  than  upon  outside  support. 

The  Organization  of  which  you  are  distinguished  members  is  a  source  of  stimulus  and  I  believe  it  can  provide  our 
own  human  resources  with  incentive,  guidance  and  support  to  their  endeavours  of  developing  adequate  investigation 
programs,  no  matter  how  limited  our  available  means  may  be. 

After  all,  no  matter  how  big,  the  available  means  are  always  limited. 

As  I  extend  to  all  and  each  one  of  you,  distinguished  representatives  of  NATO  membei  countries,  a  specially  warm 
welcome  to  Lisbon,  on  behalf  of  the  Chief-of-Staff  of  the  Portuguese  Air  Force,  I  also  wish  that  you  enjoy  your  stay  in 
Portugal  and  after  your  return  to  your  countries  that  you  may  keep  a  pleasant  souvenir  of  the  time  you  spent  with  us. 


THE  OPERATIONAL  ROLES  OF  THE  F-16 


Robert  C.  Ettinger 
Lieutenant  Colonel,  USAF 
Director,  F-16  Combined  Test  Force 
Edwards  Air  Force  Base,  California  93523 
USA 


SUMMARY 

This  paper  carefully  describes  the  F-16  weapons  system  from  its  design  features  to 
its  cockpit  displays  and  controls.  The  multirole  capacity  of  the  F-16  is  illustrated  by 
description  of  the  weapons  delivery  systems,  aircraft  performance,  ar.c  weapons  carriage 
capability.  Typical  operational  missions  from  NATO  bases  in  F-16  European  participating 
countries  over  Central  and  Northern  Europe  are  discussed  in  detail. 


The  F-16  is  a  new  generation,  single-eng.ir.e ,  single-seat,  multirole  tactical  fighter. 
Several  advanced  technologies  are  combined  to  produce  the  best  pilot-fighter  combination 
possible  in  an  aircraft  that  is  smaller,  lighter  and  simpler  than  present  designs.  These 
technologies  attempt  to  yield  an  aircraft  *-’ith  far  greater  maneuverability  and  combat 
capability  at  lower  cost. 

Figure  1  lists  the  advanced  technologies  employed  in  the  F-16.  k  brief  discussion 
on  each  of  these  technologies  is  contained  in  the  following  paragraphs. 

The  relaxed  static  longitudinal  stability  results  in  range-increasing  higher  lift  to 
drag  ratios  at  subsonic  and  supersonic  speeds.  The  nominal  center  of  gravity  position 
for  the  F-16  is  at  approximately  the  35  percent  mean  aerodynamic  cord.  This  results  in  a 
negative  static  margin  of  approximately  10  percent  while  subsonic  and  a  positive  static 
margin  cf  about  15  percent  while  supersonic.  This  feature  avoids  or  minimizes  the  trim 
drag  of  conventional  aircraft  by  creating  a  useful  tail  up-load  while  subsonic  and  a  low¬ 
er  tail  down-load  ?t  supersonic  speeds. 

The  fly-by -wire  flight  control  system  of  the  F-16  provides  a  highly  reliable,  pre¬ 
cise,  responsive  control  system  which  compliments  the  relaxed  stability  concept.  By  fly¬ 
by-wire  we  mean  there  are  no  mechanical  connections  from  the  pilot's  control  stick  to  the 
control  surfaces.  The  aircraft  is  controlled  by  electrons  alone.  The  system  incorporates 
angle  of  attack  and  g  limiting  features  which  enable  the  pilot  to  use  the  F-16 'a  full  man¬ 
euver  potential  without  fear  of  loss  of  control  vt.  structural  overload.  This  quadruplex 
system  achieves  high  reliability  through  electrical  redundancy.  Its  response  character¬ 
istics  are  easily  adapted  to  changes  tc  the  aircraft  configuration. 

The  blended  wing-body  concept  of  the  F-16  enhances  performance,  reduces  weight  and 
ii  creases  body  lift  at  high  angles  of  attack.  It  help.,  the  aircraft  achieve  a  high  ratio 
of  fuel  to  gross  weight  which  is  essential  for  range  ar.e  endurance.  The  transonic  drag 
is  also  reduced  as  a  result  of  improved  area  distribut.ons . 

Variable  wing  camber  is  provided  by  the  automatic,  infinitely  variable,  leading  edge 
flaps  which  position  to  provide  the  optimum  lift  to  drag  ratios  over  a  wide  range  of  flight 
conditions.  They  are  automatically  positioned  as  a  function  of  Mach  number  and  angle  of 
attack  to  minimize  drag  and  significantly  reduce  buffet.  They  have  the  same  electrical 
and  hydraulic  redundancy  and  the  same  surface  deflection  rates  as  a  primary  flight  control 
surface.  They  provide  a  significant  contribution  to  the  longitudinal  :nd  directional  sta¬ 
bility  of  the  F-16.  While  landing  the  ailerons  are  automatically  biased  down  20  degrees 
to  provide  additional  wing  camber  for  slower  approach  speeds. 

The  forebody  strakes  move  the  center  of  pressure  forward  increasing  fuselage  lift. 

They  also  introduce  a  vortex  flow  field  over  the  fuselage  greatly  increasing  the  direction¬ 
al  stability  at  high  angles  of  attack. 

The  high  G  cockpit  incorporates  a  30  degree  reclined  seat  and  a  raised  heel  line  to 
increase  the  pilot's  ug"  tolerance.  The  pilot  comfort  during  long  cruise  missions  and 
during  hard  maneuvering  is  phenomenal.  As  more  pilots  fly  the  F-16,  I  am  personally  con¬ 
vinced  the  U.S.  Air  Force  will  not  jroduce  another  fighter  without  a  slope  back  seat. 

The  cockpit  geometry  and  the  unique,  one  piece  bubble  canopy  and  windscreen  permit  almost 
unlimited  visibility.  The  conventional  canopy  bow  is  located  behind  the  pilot  where  it 
blocks  less  visibility,  and  people  arc-  less  likely  to  hang  lights  and  ind..aiors  on  it 
which  further  reduce  forward  visibility.  The  side-stick  and  arm  rest  permit  the  pilot  to 
execute  precise  maneuvers  under  high  g  loads. 

The  advanced  afterburning  engine  of  the  F-16  features  a  high-thrust-to-weight 
ratio  turbofan  of  the  25,000  pound  thrust  class.  The  Pratt  &  Whitney,  F100-PW-100 
engine,  the  same  engine  that  powers  the  F-15  Eagle,  features  variable  stator  blades  in 
the  fan  compressor,  high  turbine  inlet  temperatures  with  the  first  stages  air  cooled,  a 
high  pressure  ratio,  a  light  weight  convergent-divergent  nozzle  and  modular  engine  com¬ 
ponents. 


The  Advanced  Digital  Avionics  system  of  the  F-16  includes  a  MIL-STD-1553  multiplex 
bus  and  digital  fire  control  computer  which  control  act:  n  of  the  radar  electro-optical 
display,  the  head-up  display,  the  multimode  pulse-doppler  radar,  the  inertial  navigation 
set,  and  the  stores  management  set.  The  Westinghouse  radar  exploits  advanced  digital 
techniques  to  produce  outstanding  performance  in  its  air-to-air  and  air-to-surface  modes. 

The  F-16  as  shown  in  Figure  2  is  14.51  meters  long,  5.01  metern  high  and  has  a  9.44 
meter  wing  span.  It  has  300  square  feet  of  wing  area.  A  wing  aspect  ratio  of  3.0.  The 
wing  leading  edge  sweep  back  angle  is  40  degrees.  With  two  missiles,  a  pilot,  full  gun 
and  a  full  load  of  internal  fuel  the  F-16A  weighs  22,600  pounds  (10,275  kilograms) .  With 
its  25,000  pounds  (11,365  kilograms)  thrust  class  engine  that  yields  thrust  to  weight 
ratio  better  than  one-to-one  at  takeoff.  The  F-16B  is  a  two  place  fighter/trainer  ver¬ 
sion  of  the  F-16  which  is  structurally  the  same  as  the  F-16A.  It  carries  about  1,100 
pounds  less  internal  fuel,  but  it  has  the  same  maneuver  performance  as  the  F-16A.  Both 
F-16's  are  designed  to  9  g's  with  a  full  load  of  internal  fuel.  A  rugged,  safe,  durable 
airframe  is  assured  by  a  design  fatigue  life  of  8,000  hours. 

Figure  3  shows  the  size  comparison  of  the  F-16A  with  current  U.S.  fighters.  Please 
note  that  the  basic  takeoff  weight  of  the  F-4E,  F-15A  and  1-14A  are  2.1,  1.9  and  2.6  times 
that  of  an  F-16  respectively.  The  internal  fuel  fraction  of  the  F-16  is  0.30  while  that 
of  the  F-4E,  F-15A  and  F-14A  are  0.25,  0.28,  and  0.26  respectively.  Note  that  there  is 
only  one  engine  to  consume  that  fuel  in  the  F-16. 

The  F-16  cockpit  displays  and  controls  are  shown  in  Figure  4.  The  mission  displays 
and  controls  occupy  the  up  front  area  of  the  cockpit.  The  displays  and  controls  are  de¬ 
signed  for  head-up  and  hands-on  (the  stick  and  throttle)  control  of  the  weapons  system. 
Therefore,  it  is  not  necessary  to  take  your  eyes  off  a  target  to  launch  a  weapon  at  it. 

As  depicted  in  Figure  5  the  F-16  will  be  employed  as  a  multirole  fighter.  Although 
originally  optimized  for  air-to-air  combat  the  high  thrust  to  weight  ratio  and  the  low 
wing  loading  make  the  F-16  an  excellent  air-to-surface  machine.  The  U.S.  Air  Force  will 
use  the  F-16  as  a  "swing"  aircraft  to  contribute  not  only  to  the  air-to-air  mission  but 
also  for  air-to-surface  support.  The  F-16  will  replace  the  multipurpose  F-4  Phantom  in 
the  U.S.  Air  Force  inventory  in  the  late  1970's  and  into  the  1980 's. 

As  depicted  in  Figure  6  the  F-16  has  a  multirole  weapons  delivery  capability.  For 
the  air-to-air  role  the  F-16  has  several  weapons  delivery  modes.  A  pulse-doppler,  look 
down,  clutter  free  radar  is  used  to  search  for,  detect  and  track .airborne  targets. 

Slightly  longer  radar  detection  range  can  be  obtained  in  look  up  modes.  An  automatic, 
air  combat  maneuvering,  mode  is  used  to  automatically  lock  on  to  a  target  in  the  pilot 
selected  field  of  view.  Dynamic  launch  zone  information  and  automatic  missile  track 
modes  are  used  to  employ  the  AIM-9  heat  seeking,  "Sidewinder",  air  intercept  missiles, 
bead  computing  optical  sight  and  snapshoot  displays  on  the  head-up  display  are  used  to 
employ  the  General  Electric,  M-61,  Vulcan,  20mm  cannon.  This  gun  is  capable  of  firing 
6,000  rounds  per  minute.  Energy  maneuvering  displays  are  provided  on  the  head-up  display 
to  assist  the  pilot  in  optimizing  aircraft  performance  during  air-to-air  combat. 

In  the  air-to-surface  role  the  F-16  has  several  additional  weapons  delivery  modes. 

In  a  visual  delivery  environment  the  head-up  display,  radar,  inertial  navigation  system 
and  fire  control  computer  yield  pilot  selectable  Continuously  Computed  Impact  Point 
(CCIP) ,  Dive  Toss  (DTOS) ,  and  manual  depressed  reticle  release  modes.  The  ground  map 
modes  of  the  radar  are  particularly  impressive.  The  inertial  navigation  system  provides 
automatic  cursor  placement  and  automatic  antenna  tilt  for  the  ground  map  radar.  Expand  and 
doppler  beam  sharpened  ground  map  modes  improve  radar  resolution.  Blind  bombing  delivery 
modes  of  Continuously  Computed  P.elease  Point  (CCRP) ,  Beacon  and  Low  a)  titude  Drogue  De  * 
livery  (LADD)  are  available.  Electro-optical  guided  bombs  and  missiles  like  the  "Hobo" 
and  "Maverick"  are  easily  and  accurately  delivered.  A  laser  spot  tracker  mode  is  also 
available  for  the  F-16. 

When  compared  to  the  multirole  F-*E  Phantom,  the  aircraft  the  F-16  is  going  to  re¬ 
place  in  the  U.S.  Air  Force,  the  F-16  has  outstanding  performance  capabilities.  As  graph¬ 
ically  shown  in  Figure  7,  the  F-16  has  a  3.0  times  the  air-to-air  combat  mission  radius 
and  2.4  times  the  air-to-surface  combat  radius  of  the  F-4E.  The  F-16  uses  a  lesser  turn 
radius  and  a  shorter  time  to  accelerate  from  0.9  Mach  to  1.6  Mach  at  30,000  feet  than  the 
F-4E.  The  unrefueled  ferry  range  of  the  F-16  is  1.6  tiroes  that  of  the  F-4E. 

As  shown  in  Figure  8,  the  nine  external  store  stations  of  the  F-16  have  a  total 
carriage  capacity  of  15,200  pounds.  With  full  internal  fuel,  the  F-16  can  carry  10,500 
pounds  of  external  stores.  The  primary  weapons  for  air-to-air  missions  are  AIM-9  infra¬ 
red,  heat  seeking  missiles  and  the  rapid  fire  Vulcan  20mm  cannon.  For  air-to-surface 
missions,  a  large  variety  of  guided  and  unguided  weapons,  ECM  pods  and  external  fuel  tanks 
can  be  carried  on  the  five  air-to-surface  hard  points. 

The  doppler  beam  sharpening  mode  of  a  ground  map  radar  is  particularly  impressive. 
Shown  on  Figure  9  is  the  10  mile  expand,  doppler  beam  sharpened  radar  picture  of  the  main 
runway  at  Edwards  AFB,  California.  The  radar  cursors  are  positioned  at  the  north  west 
coiner  of  the  intersection  of  the  main  runway  and  the  center  taxiway.  The  shorter  "south 
base"  runway  at  Edwards  is  also  seen. 

Figure  10  represents  a  typical  air  superiority  mission  radius  for  NATO  in  Central 
and  Northern  Europe.  With  takeoffs  from  representative  bases  for  the  European  participa¬ 
ting  governments  of  The  Netherlands,  Norway,  Denmark  and  Belgium  the  F-16  could  perform 
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air  combat  patrol  in  the  area  shown.  For  this  mission  the  F-16  is  loaded  with  two  AIM- 9 
missiles  and  two  370-gallon  external  tanks.  The  tanks  would  be  dropped  when  empty.  A 
combat  reserve  for  a  Maximum  power  acceleration  from  0.9  Mach  to  1.6  Mach,  3  Maximum 
power  sustained  360  degree  turns  at  1*2  Mach,  and  4  Maximum  power  sustained  360  degree 
turns  at  0.9  Mach  is  included.  A  climb  to  optimum  cruise  altitude  and  instrument  flight 
rules  landing  fuel  reserves  are  also  included. 

A  typical  close  air  support  mission  over  the  same  area  from  the  same  bases  is  shown 
in  Figure  11.  For  these  missions  the  F-16  is  loaded  with  two  AIM-9  missiles,  six  MK-82 
500  pound  general  purpose  bombs,  two  3t0-gallon  external  tanks  and  a  centerline  external 
ECM  pod.  The  mission  profile  shows  a  high  altitude  cruise  to  and  Irom  the  target  plus  one  hour 
loiter.  A  combat  allowance  for  5  minutes  at  Military  power  at  sea  level  with  the  air-to-surface 
weapons  is  included.  The  mission  radius  is  depicted  with  and  without  retaining  the  external  tanks. 

A  strike  interdiction  mission  in  the  F-16  would  look  like  that  depicted  in  Figure 

12.  In  this  case  the  aircraft  is  loaded  with  two  AIM-9  missiles,  two  MK-84  2,000  pound 
general  purpose  bombs,  two  370-gallon  external  fuel  tanks  and  a  centerline  external  ECM 
pod.  Again  the  external  fuel  tanks  are  dropped  when  they  are  empty.  This  mission  pro¬ 
file  would  call  for  a  high,  low,  high  ingress  and  egress  to  and  from  the  target.  A  100 
Nautical  Mile  low  level  navigation  at  530  knots  is  planned  in  and  out  of  the  target  area. 

A  5  minute  allowance  at  Military  paver  and  sea  level  is  used  for  weapons  delivery. 

A  typical  low  level  all  the  way  mission  from  the  same  locations  is  depicted  in  Figure 

13.  Again,  the  aircraft  is  loaded  with  2  AIM-9  missiles,  6  MK-82  500  pound  general  pur¬ 
pose  bombs,  two  370-gallon  external  tanks,  and  a  centerline  external  ECM  pod.  Low  level 
cruise  to  and  from  the  100  Nautical  Mile  high  threat  penetration  p.'int  is  made  at  400 
knots.  A  one  hundred  Nautical  Mile  dash  to  and  from  the  target  is  made  at  550  knot3. 

Again  a  5  _ nute  allowance  at  Military  power  and  sea  level  is  used  to  deliver  the  bombs. 

In  this  case,  the  external  fuel  tanks  are  retained  on  the  return  leg. 

The  F-16  ha3  surprisingly  good  low  level  ride  qualities  for  an  aircraft  with  this 
wing  loading.  The  relatively  stiff  fuselage  structure,  the  variable  camber  of  the  lead¬ 
ing  edge  flaps  and  the  motion  command  flight  control  system  all  contribute  to  the  smooth 
ride.  My  theory  is  that  the  fuselage  lift  and  the  wing  wash  out  combine  to  actually  down 
load  the  wing  tip  during  high  speed,  low  level  cruise.  This  appears  to  decrease  the 
effective  wing  are?  and  produce  ride  qualities  of  a  fighter  with  a  much  higher  wing  load¬ 
ing. 


The  last  mission  described  for  the  F-16  is  the  sea  surveillance  or  sea  attack 
mission  shown  in  Figure  14.  Here  the  aircraft  is  configured  with  2  AIM-9  missiles,  2 
Harpoon  anti-shipping  missiles  with  electro-optical  terminal  guidance,  two  370-gallon 
external  fuel  tanks  and  a  centerline  ECM  pod.  The  external  fuel  tanks  are  dropped  when 
empty.  High  altitude  cruise  to  and  from  the  target  is  used  with  a  50  Nautical  Mile  dash 
to  and  from  the  target  at  550  knots  and  low  altitude.  Again  5  minutes  at  sea  level  and 
Military  power  is  allowed  for  weapons  delivery. 

The  results  of  a  dedicated  team  effort  of  General  Dynamics,  Pratt  S  Whitney, 
Westinghouse,  the  U.S.  Air  Force,  European  participating  governments  of  The  Nether1 ands, 
Norway,  Denmark  and  Belgium  are  shown  in  Figure  15.  The  performance  requirements  of  the 
F-1S  were  met  ov  receded.  Testing  is  essentially  complete.  Manufacturing  is  on  schedule 
with  as  of.  15  Oetooer,  46  U.S.  Air  Force  aircraft  delivered;  17  aircraft  have  been  de¬ 
livered  off  the  European  production  lines  in  Belgium  and  The  Netherlands.  The  original 
cost  objectives  of  the  F-16  program  are  being  met.  The  mission  growth  capability  of  the 
F-16  has  beest  demonstrated. 
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Fig.  1 1  Close  air  support  mission 
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Colonal  JACQUES  GUILLOU 

Etat-Rajor  da  l'Armde  de  l'Air/ 
Bureau  daa  Programmes  da  Ratdrtsl 

24  Boulevard  Victor  75015  PARIS 


SOBMAIRE 


La  progranne  MIRAGE  2000  ddcidd  en  ddcambre  1975  vise  &  assurer  le  remplaceaent 
du  MIRAGE  III  dans  toutes  .tea  versions. 

La  pramibre  version  du  MIRACE  2000  a  uno  vocation  privildgide  de  ddfense  et  de 
supdricritd  adrienne  et  doit  I'.re  capable  Je  1* interception  d'hostilas  &  trbs  haute  altitude,  de 
la  destruction  des  hostile*  jdndtrant  &  bases  altitude,  et  d'engagBr  le  combat  adrien  rapprochd 
h  arses  dgalas  avec  los  seillaurs  ehayssjrn  de  ss  gdndration. 

Le  MIRAGE  2000  avion  os  combat  aonoplacB  mono-rdacteur  SNECMA  R  S3  congu  pour 
satisfaire  ces  exigences  sa  caractdriee  par  le  ratour  A  unn  formula  d'aile  delta,  andliorde  par 
l'utilisation  da  coaaandes  de  vols  dlectijques. 

Les  capacitds  de  aanosuvrabilitd  du  MIRAGE  20tiC  marquent  un  progrbs  fondanental 
par  rapport  aux  avions  prdcddsnts  at  conduiront  h  da  nouvslles  tactiques  de  combat. 


1.  -  GENERALIZES. 


Dans  1' ensemble  des  forces  adriermaa,  l'avistion  da  chasse  est  constitude 
d'unitda  qui  oar  las  caractdrletiquas  propres  da  leur  matdriel  et  les  quslitds  da  leur  personnel, 
peuvent  8tre  engagdes  sussi  bian  contre  les  objactifs  de  surface  qua  contra  les  objectifs  an  vol. 

Par  1'dtendua  da  son  rfile  at  de  ses  missions,  par  la  diversitd  da  ses  modes 
d'actions,  elle  met  aussi  plainemsnt  6  profit  la  sojplesse  d'amploi,  quslitd  fondamantsle  de 
l'srne  adrisnna,  dans  una  appropriation  constants  du  moyan  adrien  au  but  racherchd. 

Juequ’b  un  passd  rdcsnt,  pour  conssrvsr  cstte  souplesse  d'amploi,  l'Armde  de 
l'Air  a  cherchd  b  fairs  axdcutar  par  les  mAses  pilotaa  et  los  mSmes  avions  d'une  unitd  aussi  bien 
les  missions  d'sttsqua  au  sol  que  las  missions  de  ddfanse  adrienne. 

Mais  dsvant  1’extension  des  opdration3  au  domaino  tout  temps  de  'our  et  de  nuit, 
le  ddveloppement  des  capacitds  nucldaires  daa  chasseurs  bombardiers,  l'extension  -rdla  .tve  du 
contrSle  daa  opdrations  ddfensives  et  offensives,  la  ddveloppemsnt  des  englno  sir-  .r,  air-sol  et 
sol-air  avec  ses  conadqusnces  sur  les  missions  tactiques  et  le  ddveloppemsnt  des  moysns  de  guerre 
dlactronique,  la  spdcialisation  des  dquipages  est  devenue  indispensable  afin  d'ansurer  l'utilisation 
efflcace  des  systfemas  de  navigation  et  d'atteque. 

Ces  critbres  ont  conduit' aussi  b  spdcialiser  les  systbaes  d'arees  ce  qu.  fOt  le 
cas  pour  las  prograamsa  JAGUAR  st  MIRAGE  El,  et  les  pilotes  sont  devenue  xzpidement  opdrationnels 
dans  leur  mission  principals  avec  ces  types  d'appareils. 

La  conception  das  avions  da  le  nouvelle  gdndretion  do-t  ta'<r  compte  des  experiences 
des  conflits  prdcdder.ta. 

II  ast  apparu  en  partievlier  qua  les  avions  d'atteque  au  sol  lss  plus  of fleeces 
dtaiant  caux  qui  avaisnt  una  bonne  manoauvrebilitb  car  ils  dtsient  plus  aptes  b  ongnjor  un  combat 
ou  b  l'dvitar  nusnd  11  leur  dtait  isposd. 

Co  n'eat  pas  seulement  le  rayon  d'action  le  plus  grand  qui  fait  le  meillaur  avion 
de  pdndtration.  Un  chasseur  de  grande  manosuvrsbilltd  peut  8tro  alourdi  par  des  rdservoirs  svppld- 
msntairss  et  l'ermessnt  ndesasaire  pour  l'attequa,  st  rndevanir  rspidsaant  un  cosbattant  adrien 
de  granda  classe  aprbs  1 'avoir  largud. 

0a  plus  la  ddveloppemsnt  d'un  notour  militalre  d«  grande  classe  demando  una  dizains 
d'anndss  at  reprdssnte  un  irveatissar^nt  financier  important  ;  il  faut  done  ddfinir  un  moteur 
rdalisant  un  bon  comproals  *ntre  performances  deaanddss  sussi  bien  en  supersonique  A  haute 
altitude  qu'b  bassa  altitude  pour  les  elsslons  d'sttsqua  su  sol. 

Aussi  l'Arsde  de  l'Air  a  la  conviction  qu'il  faut  partir  da  la  notion  d'un  avion 
polyvalent  au  stade  industrial  seulamant,  e'evt  b  dire  un  avion  ayant  la  nine  moteur,  la  afae 
fusalega  (i  quslqusa  variants*  prfes),  le  rnlms  vuilura,  et  donnsnt  naissance  b  plusisurs  «»rsions 
suivant  les  systbmas  d'araa  dont  on  l'dquipera. 
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Ces  version*  aaronfc  destinies  %  l'interceptian  et  uu  coabat  d*un  cStd,  b  Is 
pdndtration  st  b  la  rseonnaissenca  da  1 'autre. 

Las  specifications  opdrationnrilea  du  HIRAGE  20QC.  ont  dtd  rddiqdst  avac  cat  objectif. 

2.  -  SPECIFICATIONS  0PERA7I0MBELLSS  DU  HIRAGE  2000. 


Lo  progrncaa  HIRAGE  2000  ddcidd  an  ddceaore  1575  visa  5  assume  la  resplacaoent  b 
psrtir  da  1982  das  HIRAGE  III  dont  la  else  an  service  rsaorte  b  1960. 

L'avion  aonordacteur  da  coabat  HIRAGE  2000  est  essantielleaant  ddfini  pour  satis- 
feire  au  aaxiaua  las  exigences  opdrationnellss  da  ddfanse  et  da  supdrioritd  adrianne. 

On  davra  capendant  pouvoir  an  ddrivar  da e  versions  adaptdea  A  I'execution  des 
aiaeions  d'attaqur  ou  sol  st  da  reconnaissance  A  psrtir  da  la  else  cellule,  raais  peurvues  d'dquipe- 
aants  spdcifiques  da  laur  aission  ainsi  qu'una  version  biplaca  d'antratnaoant  dquipda  da  systbae 
d'araa. 


2.1.  -  Gdndralltds. 


L'avion  doit  Stra  capable  d'sffactuar  toutos  lea  aiasiona  da  ddfanse  et  supdrioritd 

adrienns  t 

-  interception  das  avion*  snnesia  volant  b  grand  each  et  b  haute  altituds, 

-  detection  at  dastruetion  an  vol  des  avions  pdndtrent  b  bases  altitude, 

-  engagement  das  chasseurs  anneals  en  coabat  sdrien. 

L'exdcqtion  da  css  sissionr  sxiga  : 

-  des  psrforoances  dlsvdss  en  acceleration  suparsoniqus  et  en  plafond  stabilise 
cinsi  qua  des  qualitds  da  aanoauvrsMlitd  st  da  aaniabilite  ndcssssirss  aux  evolutions  da  cosbat, 

-  uns  capacity  iseortants  da  detection  autonoas  das  raids  an  perticuliar  dans  la 
doaaine  da  la  basse  altitude, 

-  ur.  arasaant  adaptd. 

En  aiaslon  aacondaira  cat  avion  devra  pouvoir  Stro  capable  d'effectusr  das  eissiona 
d'attaqus  au  sol  avac  des  araacants  classicuss. 

L'saploi  da  cat  Avion  doit  aatisfaire  aux  exigences  d'une  bonna  eobilltd  tsetiqua, 
grCca  an  particulier,  b  dea  aoyens  da  nisa  en  oauvrB  rdduite. 

2.2,  -  Caractdrlatlouec  odndralas- 

2.2.1.  -  £e.rfor»ajicea_ 

Las  principalas  performances  deaanddas  peuvant  Stre  rdsu^aaa  co.'wse  suit  : 

-  vitesss  d'spprcch*  dans  la  ganse  140  b  ISO  kts  (suivsnt  la  configuration), 

-  utilisation  da  piste  da  1200  Bbtres  b  Is  naasa  oaxiasle, 

-  vitassa  navinua  : 

b  hauta  altitude  :  each  2,2 
b  basre  altitude  :  600  kts 

-  plafond  piatique  avac  deux  niseilsa  da  lengus  portds  supdrieur  b  55  000  piads, 

-  destruction  da  I'hostile  b  75  000  piads  H  2,5  coins  da  5  en  aprbs  la  ddcollage, 

-  axcellanta  annoeuvrabilitd  au  coabat  tant  en  suparsoniqus  qu'en  subsonique, 
le  but  etant  da  pouvoir  utilisar  l'avion  avac  la  ainiaua  dn  contmintss  dsns  tout  Is  domains  da 
vol  st  cans  toutss  las  configurations. 

En  particuliar  on  cherchr  b  obtenlr  pour  le  coabat  adrian  : 

-  das  chengaeants  da  trajsetoiras  rspidss  co  qui  iopliqua  : 

.  una  aaniabilite  axcallentn  (aouvoesnt  eutour  du  centre  ds  grsvitd 
trbs  rapids) 

.  la  trajcctoira  la  plus  serrde  possible  (marges  st  Unites  ds  sanosuvrs) 

-  uns  bonne  pilotebilitd  dane  las  grsndss  incidancos, 

-  uns  rdponss  avion  trbs  rapids  st  trbs  preciss  en  pssss  de  tir, 

-  un  pilotage  a  lad  ds  l'avion  au  delb  des  liaitsa  dc  doaaine  de  la  stabiliid 

naturelle. 


2.2.2.  -  £ropui«jvr_ 


L'avion  est  dquipd  du  sotaur  SNECHA  R  53-5,  eaia  dovra  lire  eapcdlu  ds  recevoir 
uns  version  aadliorde  da  ce  aotnur  aoysnnant  das  codif icsticns  ninsuras. 

La  coapor tenant  dj  aotai  aux  grsndss  incidences  doit  fairs  I'objst  d’jn  soin 

particuliar. 
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2.2.3.  -  ,Sy.»t&a*  d '  «r  a  is 

L'arehitecturs  du  syatbas  d'aroas  doit  possddsr  una  grande  capacity  devolution 
at  d'sdsptation  das  diffdrunts  coaposanta. 

La  radar  constitus  l'dldaant  essential  du  syst&ee  d'araes  at  doit  avoir  una  portde 
isportanta  afin  d'interceptsr  las  avions  8  hautas  perforBancss  at  da  dieposar  d'uns  cepecitd  da 
detection  autonoeo  suffisanta  en  particuliar  dans  la  doeaine  da  la  baasa  altitude. 

XI  doit  8tre  congu  pour  pouvoir  utiliser  las  nissiles  RATRA  SUPER  S30  6  longue 
portde  i  il  psut  dgalaasnt  Itre  utillad  au  profit  das  missiles  de  combat  “ATRA  550  RAGIC,  at  da 
la  conduita  da  tir  canons. 

L'avion  doit  consarvar  le  aaxiaua  de  ses  capecitds  offensives  en  “cmbianc* 
dlectronlqua  hostile*. 

En  plus  das  possibility  de  rdsistancs  au  brouillags  offsrtes  par  la  rsdar,  l'avion 

doit  possdder  s 

-  un  systfeas  de  detection  goniombtriqus  dea  radars  desconduitaa  ds  tir  sdversas, 

-  un  ansaable  ddtectour  brouilleur. 

2.2.4.  -  Or^inlMUondu  oilo_t»_ 

Afin  ds  rdduire  la  charge  de  travail  du  pilots  la  representation  des  inforaations 
strictaaant  ndcassairea  pour  chaqua  phase  da  la  aiasion  sora  rdslisd*  sur  des  visualisations  6  tuba 
cathcdiqua  ;  an  particuliar  toutas  las  inforaations  ndcassairss  b  1'exdcution  de  le  phase  finale  da 
l'attequs  at  celles  concarnant  sa  sOretd  devront  bdndficier  d'una  presentation  privildgids  at  las 
coaaandes  correspondantas  8tro  d'un  seeds  rapids  at  aisd. 

3.  -  LES  0RIEMTAT1CKS  TECHMQUES 

Pour  donner  au  RIRAGE  2000  las  caractdristiouas  et  performances  ci-dassus,  lea 
solutions  techniques  adoptdas  pauvent  8tre  classdas  an  trois  cstdgories  : 

-  conception  da  la  formula  at  du  syst&na  ds  pilotage, 

-  solutions  structuralas, 

-  conception  du  systbes  da  navigation,  ds  conduita  da  tir  et  d'attequa. 


3.1.  -  formula  retenue  et  syatbee  de  piloteqs 

L'aptitude  au  coebat  at  la  capscitd  d'accCldration  suparsoniqua  b  houte  altitude 
sont  las  objactifs  prieordiaux  ;  csci  suppose  pour  uns  eotorisation  donnda  (eotsur  R  53-5  ou 
ddrivds  directs),  la  recherche  simultanda  d'un  rapport  "poussda/poids*  aussi  dlevd  qua  possible  et 
d'una  charge  alaire  aussi  faible  qua  possible  evtie  dernibre  caractdristiqus  Stent  dgslaaant 
ddterainante  pour  das  vitasses  da  ddcollags  et  d’approeha. 

Ceci  doit  8tz  si  ndanaolns  obtenu  sans  pdnalitd  excessive  sur  la  t.atnda  puisqua  la 
capacitd  d'accdldration  ou  da  vltesse  sscensionnelle,  b  un  poids  donnd,  eat  proportionnalla  b 
l'axcddant  da  poussda  (diffdrance  poussds  aolns  tratnde). 

En  manoeuvre  ssrrda  sous  forts  incidence  il  est  en  outre  indispensable  de  oinieisar 
las  trolndas  suppldsontaires  correspondantas  (tratnde  induite  et  tratnde  d'dquilibrege  eajordes  sens 
factsur  de  charge). 

La  eocldtd  ARD-BA  aprbs  dtuda  de  diffdrentes  fcrsulas  adrodynssiques,  s  proposd 
la  Baillaur  coopronis  antra  poids  et  perforoances  avec  una  solution  d'sile  delta  en  forte  flbche, 
en  retanant  las  options  prineipales  suivantes  : 

-  optimisation  du  squsletta  at  das  profils  de  voiiurc,  avac  adjonction  d'un  bord 
d'attaqua  mobile,  da  oanibre  b  rdeliser  la  eonpresis  suivant  : 

.  faible  tratnde  ds  fprme  dans  tous  las  cas  da  vol  S  fsibls  incidence 
(phase  d'accdldration  supersonique,  croisibrss  rapides  b  basse  ou 
noysnna  altitude), 

.  aadlloratinn  de  la  finosse  b  forte  incidence  (narga  de  manoeuvre  en 
combat  phases  devol  b  bssss  vitassa), 

.  reduction  ds  Is  tratnde  d'dquilibrags  en  sellar  et  report  des  “accidents 
de  stabilltd  longitudinals  s  incidsr.es  dlavde  (Unites  da  manoeuvre)*. 

-  choix  d'una  charge  alaira  faible  de  215  kg/fS2  en  combat. 

-  dpaississeaent  moddrd  des  enplsntures  da  voilure,  coobinant  ur.a  aaillsura 
interaction  voilure-fuselage,  uns  rfdueticn  de  poids  dons  la  pertis  structured  le  plus  chargde  #t 
una  logaabilitd  plus  grande, 

-  adoption  d'una  ddrivs  A  grand  sllongeeent  permettent  de  conserve!  une  bonne 
stabilltd  da  route  b  grande  incidence. 

-  ssdliorstlon  du  'onctionnement  en  incidence  dee  entries  d'sir  per  des  dispositifs 

spdeiaux. 


-  optiaisation  des  coaaandes  ds  vols  dlectriquos  avec  adoption  da  chalnes  multiples 
“boucldas*  entre  la  "deasnde  pilots"  at  la  rdponae  avion. 

Cette  enaeable  peraet  de  tirer  le  seillaur  parti  poaaible  des  gouvarnes  (quatra 
dlsvona,  un  gouvarnail)  tent  an  point  da  vue  das  perforaancaa  qu’b  eelui  des  qualitds  de  vol  ; 
lea  coaeendos  da  vol  yisetriquss  apportant  bian  antendu  le  eaxiaua  d'avsntagss  dans  tous  las  cas 
ds  fonctionnanant  associds  h  das  sargss  da  stability  nulles  on  negatives. 

-  visibility  iaportante  du  poste  ds  pilotage  par  l'adoption  d'un  para-brlae 
panoraaique  eonopibes. 

3.2.  -  Solutions  strueturalas 

La  recherchs  d'un  rapport  "pjussya/poids'*  dlevd  supdrieur  6  1  en  ccabat,  ieplique 
une  construction  lbgbre  obtsnua  assentielleaant  par 

-  la  choix  d’una  foraule  delta  sans  enpannaga  horizontal.  L'aile  basse  conduit  b 
un  poids  total  plus  faible  en  dvitant  le  logeaent  du  train  d'atterrissagn  dans  la  fuselage, 

-  l’adoption  d'une  structure  intdgrale  pour  la  coqus  da  fuselage  ot  la.  voilure, 

-  l’dpanouisaeeent  des  femes  de  fuselage  tux  eaplantures  d’ailas  pour  rdduirs 
la  poids  des  attaches, 

-  l’utilisation  des  satdrxaux  coaposites, 

-  attorrisseur  principal  siaplifid, 

-  adoption  ds  freins  au  carbons  diasnsionnds  pour  dviter  l’esport  d’un  parachute- 
frein  et  coepsnser  l’alourdissseent  dO  &  la  crosss  d’arrlt. 

3.3.  -  Le  aoteur  B  53 

Le  rdacteur  SSECRA  R  53  a  dtd  congu  pour  dquipsr  las  avions  da  coabat  b  hautes 
psrforeances.  II  allie  aiuplieitd  eL  robustesse. 

Cast  un  rdacteur  aonocorps  double  flux  b  faible  taux  da  dilution  (0,4)  at  &  taux 
ds  coeprassion  aoyen  (8,5). 

3ian  qu’adaptd  aux  grandas  vitesso3  b  haute  altitude  avac  post-coebustion,  sa 
consosnation  epdcifique  ?n  rdactsur  sec  eat  honorable,  ce  qui  persst  de  I’utilissr  de  tsanibre 
polyvalente  &  haute  at  basss  altitude. 

La  pousadB  actuelle  du  notour  R  S3  est  ds  9  T  aais  das  andliorstions  notanasnt 
dans  le  desaine  des  aatdriaux  et  das  teapdratures  devant  turbine  vont  parisettro  d’obtanir  prochaine- 
nent  10  T  sur  une  version  aadliorde. 

4.  -  HOUVEAUX  OORAIHES  OfTERTS  PAR  LE  RIRAGE  2000. 

Le  RIRAGE  2000  spporta  un  gain  substantial  de  performances  en  aissions  d’ intercep¬ 
tion  ou  de  coabat  par  rapport  aux  avions  RIRAGE  III  at  RIRAGE  FI. 

EH  aission  d’interception  les  tseps  da  aonlde  supersonique  ont  dtd  dininuds  de 
noitid  et  c’ast  ainsi  qua  le  RIRAGE  2000  ast  capable  da  ddtruire  un  hostile  b  7S.000  pieds  sach  2,5 
cinq  oinuLss  aprbs  Is  IScher  das  freins. 

Les  plafonds  an  vol  stability  ont  dtd  augaantds  do  20  J». 

En  ce  qui  concerns  Is  ecnoau»rabilitd,  le  gain  ohtenu  en  fseteur  da  charge  aaxisus 
instantand  est  de  80  %,  nsis  il  est  dvidnnt  qu’on  ne  peut  profiler  plsinesent  de  ces  possibilitds 
nouvalles  dans  tout  Is  donaina  de  vol  b  cauce  des  Unites  ds  rdsistancs  ds  la  cellule  at  du  pilots. 

Las  facteurs  da  charge  seutanus  se  sent  asdlicrds  dans  das  proportions  considdrables 
allant  de  55  %  en  subsonique  jusqu’b  130  %  A  each  2. 

II  Taut  noter  Qua  dans  le  else  tseps  las  basses  vitesses  ont  dtd  tr&s  dieinudse,at 
of'rent  des  possibilitds  da  cosbat  au  dsssous  de  100  kt  A  25s  d* incidence  tout  sn  conservent  une 
naltrise  totals  de  l’avion  par  l’shsence  da  buffeting,  las  grandas  capacitds  d’dvoiuiion  A  css 
vitsssss  fsibles  et  un  controls  perfait  dee  trajectolrs  pilotdss. 

Les  qualitds  de  ssnisbilitd  se  csractdrissnt  par  des  taux  de  rotation  inatantands 
cn  tsngsgs  at  sn  roulis  extrlsosent  rapidsa  at  inccnnus  jusqu’alors. 

Cas  nouvseux  dcseines  d’altituda,  ds  facteurs  ds  charges  soutsnu*.  ds  nanisbilitd 
pemsttant  des  changeaante  de  trsjsctoirs  extrleaeent  rapidss,  ont  dtd  pris  sn  cospte  au  niveau  da 
la  conception  de  I’appareil.  dans  la  out  d’asdliorar  la  confort  ds  pilotaga  at  la  rdsiscance 
physique  du  pilots. 

Las  asdliorations  ccncarnant  d’una  part  la  recherche  d’une  bonnr  position  du  pilots 
dans  la  cabins  pour  qu’il  puisss  prof iter  pleineeent  das  possibilitds  da  son  syatbsa  d’araes,  rdsiste 
aux  acctfldratlons  ieportantas  persisea  par  l’appareil,  avoir  la  esllleure  visibility  possible  tous 
aectsurs,  at  d’autra  part  assurer  sa  aurvie  an  cas  ds  ddcospressien  A  trie  haute  cltituda. 
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La  presier  prohlbsa  &  rdgler  dtait  cel-ji  du  positionnassnt  du  sibgs  djectable.  Sur 
las  avions  MIRAGE  prdeddsnta  laa  aibgaa  dtsient  dd  jft  inclines  ft  25s  ;  sur  MIRAGE  2000  le  sibgs  a  uno 
inclinsison  da  27",  at  las  jaabaa  du  pilots  sofit  dans  une  position  plus  relevds.  On  est  irbs  rapida- 
sant  lioitd  au-delft  da  caa  inclinaisona,  d'una  part  pour  das  problftsea  da  trajectoira  d*6jpction, 
d'autra  part  par  la  positionneasnt  du  tableau  da  bord  at  surtout  du  viasur  tSte  hauta  qui  avec  la 
visualisation  cathodique  das  diffdrentes  sysbolugiss  Q3t  devanu  I'instrusent  principal  ds  pilotage, 
dont  11  faut  pouvoir  acqudrir  las  inforeations  rapideaant  ;  ce  dernier  point  fixe  d'ailleurs  une 
position  d'oeil  thdoriqus,  at  c'est  autour  ds  lui  qu'il  faut  rdgler  )a  sibge  an  hauteur.  A  partir  de 
catte  position  il  faut  snsuita  pouvoir  prof iter  pleineaent  da  la  visibility  tous  sacteurs. 

La  pare-brisa  panorae.qua  at  la  verribre  surdlevde  aedliorent  grandamant  la  visibility. 

Pour  aadliorer  la  coufort  du  pilote  sous  facteur  de  charge,  I'habillage  du  baquet  at 
du  dossier  du  sibga  a  dtd  dassind  pour  dpouser  au  ssaxiouo  la  foraa  du  corps.  Las  pilctas  se  sentent 
ainsi  trbs  bien  callds,  nais  il  deaaure  le  problbne  de  la  torsion  du  ecu  sous  forte  accdldraticn 
pour  voir  l'enneai  dans  le  ssetaur  arribre. 

En  ce  qui  concerns  la  survie  du  piloto  au  dassus  de  SG.000  piads  an  cas  da  ddeenpres- 
sion  explosive,  1'Arade  da  l'Air  fait  ddvaloppBr  un  vBteoent  aiaplifid  qui  proibgera  le  pilote  le 
taeps  de  radasesndre  ft  30.000  piads.  La  durde  il'hsbillagn  prend  soins  d'une  ainute  et  le  casque 
pressurisd  offre  autant  de  visibility  qu'un  casque  classiqua.  Las  nossibilitds  da  cos-bat  avos  cet 
dquipeaent  saront  done  conservdes. 

5.  -  PR09LEMES  hrtVSIOLOGIQUES  HOUVEAUX. 


Malgrd  la  bon  coeproais  qui  sanble  avoir  dtd  acquis  pour  positienner  au  aieu* 
le  pilote  afin  qu'il  supports  las  fncteurs  da  charge  dlavds  et  puisse  lira  les  inforaatiens 
ndcassslres  sur  la  planche  do  bord  et  ies  diffdrentes  visualisations  cathodiques,  les  problbeos  de 
rdsistance  physiologiques  en  coebat  na  sont  pas  dlioinds  pour  autant. 

En  offet  le  MIRAGE  2C0C  se  caractdriae  par  la  possibility  i-xtr8aeeent  brutale  de 
changer  de  trajactoire,  et  aussi  nr  la  capacity  da  naintenir  lorgteops  dos  "acteurs  de  charge 
dlavds. 


Les  changeaants  brutaux  de  trajactoire  peuvent  se  faire  sans  precaution  particulibra, 
la  systbse  de  coeasndas  de  vol  yioctriquas  arrStant  la  aontde  en  incidence  cu  en  facteur  de  charge 
S  des  valeurs  fixdes  aprbs  esseis  en  vol  pour  que  l'spparoil  rdsistc  structuralesent  et  rests  sain 
adrody naeiouenent . 


En  ce  qui  ccncerne  lee  teux  d'accdldration,  les  ractaurs  de  charge  naxinua  de  Eg 
n'dtaient  obtenus  sur  les  avions  prdeddenta  Qu'ft  basse  altitude  et  ne  oouvaient  8tre  saintenus  que 
peu  de  tesps  la  vitesse  s’dcroulsnt  rapideeent. 

Il  dtait  par  centre  possible  d'engager  un  cosbat  tournoyant  ft  Sg  ft  30.0G0  pieds 
et  de  aaintenlr  ce  racteur  de  charge  de  sanibra  continue  en  pordant  TBpidenent  de  I'aititude. 

Sur  MIRAGE  2000  pour  certaines  vitesaas  aoproprideo  il  est  possible  de  naintenir 
6  ft  7g  continus  non  pas  an  descendant  xsis  an  nontant  ft  plus  de  20"  de  oente.  Ce  plus  la  yens  o& 
l'avion  peut  dvoluer  ft  3g  continus  s'est  egrandie  non  seulenent  dans  le  dosalne  des  vitessss  ears 
dans  une  grande  gana  d'sltltuda. 

Coaae  las  avions  de  cosbat  da  la  nouvelle  gdndration,  forteaent  nctorisds,  sont 
capables  da  cas  Tactaurs  de  charge  soutanus  at  ca  d'autant  plus  qua  laur  charge  alslre  est  faible, 

11  ne  seable  plus  qu'il  faille  rechercher  seulesant  la  supdrioritd  en  cosbat  dans  das  manoeuvres 
ft  *G"  dlavds  continus,  car  les  pilotss  ne  paurront  pas  suivre  physioiogiqueseni  les  cepacitds  do 
laur  eachina  ;  les  changaeents  brutaux  et  rapides  de  trajactoire  senblent  prdfdrables 

-  ils  paioettent  da  prendre  instantandnent  un  svantaga  tectique,  puis  srs  reiachao. 
la  pression  au  sanche  d'analysar  la  situation,  at  de  repartir  pour  una  nouvelle  sanos-vre  brutale  et 
instantsnde,  le  but  dtant  de  se  placer  en  position  de  tir  soit  avec  aissiles  de  cosbat  rapproehf 
salt  aux  canons. 


Ces  sanoeuvras  -apliquent  pour  Stra  ai-pportdos  par  la  pilots  que  les  dcuiposents 
anti-G  aiant  das  teapa  de  rdponse  hosogbnes  avec  les  variations  -apides  de  facteur  ds  charge. 

Enfin  una  source  d’lnquidtude  provient  de  la  tenuc  adcanique  susculaire  et  nerveuse 
de  la  partie  carvicale  da  la  tSte  du  pilots,  nice  ft  rude  dprsuve  sous  *g“  scutonus  ou  hachds,  et 
qui  doit  continuer  ft  fttre  sobile  sur  les  troiv  axes  pendant  css  phases  de  coebat,  I'seil  et  le  carvesu 
husain  restant  le  eeilleur  esptaur  at  la  eeilleur  analyiaur  da  situation. 

C0RCLUSI0R 


La  darniftre  gdndration  das  avions  ce  cosbat  du  type  MIRAGE  2000  fait  diesuvrir 
une  disansion  nouvelle  an  natibra  da  cepacitds  renosuvriftres.  Reia  alias  a  aussi  sa  rjngon.  11 
deviant  an  effet  indispensable  da  ddveloppar  plus  que  Jessie  las  sieulateur*  reprdssntatifs  at 
dss  avions  biplaca  d'entralneaant  destinds  ft  ddsontrer  les  possibilitds  de  la  sachine  et  les 
tacticuss  de  cosbat,  eais  aussi  peut  Itre  ft  vdrifier  l'eptitude  physiologiqve  due  dquipeges  ft  dvoluer 
dene  caa  nouvasux  doseines. 

tele  peut  Btre  aussi,  fsudra-t-il  sneora  plus  ou'aujourd'hui,  entretenir  physiquoeert 
les  dquipsges  et  vdrifier  que  laur  organise#  supports  norealeser.t  les  egressions  subies. 
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THE  CAPABILITIES  AND  OPERATIONAL 
HOLES  OF  ROYAL  AIR  FORCE  JOHHADOS 

by  Group  Captain  H  M  Archer  AFC  KRAeS  RAF 
DD  Cps(3)(RAF),  MOD,  Main  Building,  Whitehall,  London ,  SV1A  2HB 


SUMMARY 

The  concept  of  producing  a  multi-role  aircraft  designed  to  seet  the  complexities  of  a 
number  of  roles  was  reached  only  after  extensive  computer  analysis  had  shown  the  way 
ahead-  For  the  RAF,  the  air-to-ground  task  and  the  air-to-air  task  calls  for  differing 
operating  capabilities,  but  Tornado  can  seet  these  requirements.  In  its  IIS  version, 
the  aircraft  will  be  able  effectively  to  carry  out  the  roles  of  counter-air,  inter¬ 
diction,  close  air  support,  sanitise  attack,  and  reconnaissance-  Moreover,  it  will  be 
able  to  do  so  at  very  high  speed  and  very  low  altitude,  regardless  of  weather.  The  ADV, 
on  the  other  band,  will  use  its  powerful  long  range  sulti-target  redar,  advanced 
avionics  with  computerised  mission  planning,  and  automatic  attack  features,  together 
with  its  aissile  armament,  to  Bake  it  the  sost  effective  interceptor  available  for  the 
air  defence  of  the  US's  large  strategic  area-  Backing  this  very  wide  range  of  capa¬ 
bilities,  will  be  a  comprehensive  maintenance  system  of  support,  designed  from  the 
outset  to  optimise  fault  diagnosis,  and  keep  the  aircraft  ready  to  fly  with  the  minimum 
delay.  The  RAF  has  had  many  distinguished  aircraft  in  its  service  throughout  the  years, 
but  the  introduction  of  Tornado  into  iront-line  service  will  make  a  significant 
increase  in  the  RAF's  fighting  capability  for  both  defensive  and  offensive  operarions- 


HISTOHICAL  BACKGROUND 

1.  The  demise  of  the  TSB2  in  the  1960s  led  to  a  fundamental  reappraisal,  by  the  RAF, 
of  the  roles  of  tactical,  strike  and  reconnaissance.  As  a  result,  some  twelve  years 
ago,  operational  research  work  was  started  to  investigate  the  feasibility  of  counter- 
ail  and  interdiction  operations  in  the  19803.  A  comprehensive  computer  simulation  was 
constructed  to  represent  a  series  of  realistic  attacks  against  airfields  and  inter¬ 
diction  targets.  In  order  to  program?  the  computer,  factors  such  as  the  threat  from 
anti-aircraft  guns,  surface-to-air  missiles  and  enemy  fighter  aircraft  were  taken  into 
account.  Enemy  defences  were  credited  with  the  most  technologically  advanced  systems 
which  could  be  possible  within  the  time-scale,  so  creating  the  worst:  possible  defensive 
environment  in  which  aircraft  would  have  to  operate.  Simulated  attacks  were  then  flown 
against  various  counter-air  targets,  including  dispersed  aircraft,  aircraft  in  revet¬ 
ments,  shelters,  and  take-off  end  landing  areas.  Numerous  interdiction  targets  were 
also  modelled.  A  wide  range  of  attack  aircraft  designs  was  studi'jd,  including  some 
which  were  assumed  to  be  future  developments  of  existing  typee,  such  as  Jaguar,  Phantom, 
and  Buccaneer.  Among  the  new  designs  considered,  some  aircraft  were  assumed  to  have  a 
swing  wing  configuration  in  order  to  exploit  the  extensive  studies  which  had  already 
been  carried  out  on  an  Anglo-French  variable  geometry  aircraft.  Additionally,  aircraft 
were  endowed  with  a  comprehensive  range  of  avionic  and  electronic  counter  measure  (ECM) 
equipment .  The  performance  ascribed  to  these  equipments  took  account  of  both  the 
capabilities  which  were  achievable  at  the  time,  and  also  likely  future  developments  in 
the  state  of  the  art  within  the  time  frame  under  consideration. 

2.  In  the  computer  programme,  numerous  tactical  options  were  systematically  studied, 
including  defence  saturation,  penetration  altitude,  uetitvatien  speed  and  tactical 
routing,  and  the  possible  effects  of  fighter  sweeps,  fighter  cover,  and  spoof  and 
diversionary  raids,  it  was  assumed  that  ECM  would  te  used  extensively  to  jam  both 
ground  and  airborne  radars,  and  to  decoy  missiles,  and  a  further  important  assumption 
was  that  attacking  aircraft  would  employ  terrain  following  radar  to  provide  a  night/sll- 
weather  capability.  During  these  studies,  all  possible  enemy  defensive  tactics  were 
taken  fully  into  account  and,  in  each  case,  the  potential  enemy  was  attributed  with  the 
most  effective  tactics  and  defences  which  were  likely  to  be  devised. 

3.  Against  this  exacting  and  sosy-hat  pessimistic  scenario,  the  computer  simulation 
provided  the  means  with  which  to  compare  the  operational  profiles  of  the  various  air¬ 
craft  designs  under  consideration-  Beginning  with  the  take-off  phase,  flights  were 
processed  through  the  cruise  section  to  the  Forward  Edge  of  the  Battle  Area,  followed 
by  the  high-speed  dash  to  the  target,  the  escape  route  tack  through  the  enemy  defences, 
and  the  recovery  to  base.  The  different  parameters  mentioned  created  a  vast  number  of 
permutations,  which  were  comprehensively  evaluated  to  assess  different  aircrafts’ chances 
of  success,  eacn  against  the  other.  From  this  aircraft  effectiveness  data,  and  knowing 
how  many  weapons  would  be  required  to  inflict  a  desired  level  of  damage  to  targets,  it 
could  be  calculated  how  saaj  aircraft  would  be  needed  to  reach  the  targets.  On  this 
basis,  it  was  then  possible  to  calculate  bow  cany  aircraft  of  a  given  type  would  have  to 
be  launched  on  each  said.  This  whole  process  led  to  preliminary  conclusions  on  force 
effectiveness,  sics  and  cost,  end  enabled  first  order* cost  effectiveness  comparisons  to 
be  made  between  the  various  contending  design  options. 

a.  in  order  to  minimise  the  total  force  cumbers ,  and  to  cope  with  enhanced  force 
numbers,  there  was  a  clear  requirement  for  the  aircraft  to  have  a  capability  greater 
than  that  of  existing  types.  In  performance  and  equipment  terms,  this  requirement  was 
reflected  in  a  need  for  an  aircraft  with  a  speed  si,  Ifieaatly  exceeding  that  of  the 
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Buccaneer,  a  such  shorter  take-off  ard  landing  performance  than  the  Phantom  or  Buccaneer 
and  equipment  for  navigation  and  attack  and  ECM  to  give  a  penetration  perforsaace  at 
least  as  good  as  a  such  isproved  Buccaneer. 

5-  At  the  tise  that  these  requirements  were  crystallising,  the  need  for  a  replacement 
air  defence  fighter  aircraft  for  the  1980s  began  to  eserge.  The  output  of  the  computer 
studies  was  available  to  provide  sose  basis  for  performance  calculations.  In  this 
context,  both  the  speed  and  sbort-field  performance  paraseters  were  already  indicating 
the  potential  value  of  the  swing  wing  concept.  Gradually,  as  the  study  results  were 
analysed ,  and  the  Fighter  project  began  to  take  firmer  shape,  the  possibility  began  to 
eserge  that  one  aircraft,  with  soso  relatively  ainor  alterations  in  baisc  design,  could 
seet  the  requirement  of  both  the  attack  and  fighter  roles  and  could,  indeed,  probably 
satisfy  the  requirements  of  a  wide  number  of  traditional  roles.  Pros  this  complex 
matrix  of  seemingly  conflicting  needs.  Tornado  was  born. 

THE  RAP  A  IR-TO-GROUND  TASS 

6-  In  recent  years,  there  have  been  very  considerable  advances  in  air  defence  weaponry 
In  particular,  the  surface  to  air  missile  has  introduced  a  fcigh  level  of  hazard  to 
operations  conducted  in  the  high ,  middle,  and  low  airspace.  In  response  to  this  situ¬ 
ation,  the  HAP  has  adopted  low-level,  high  speed  penetration  as  a  key  tactic  to  minimize 
acquisition  by,  and  exposure  to  enemy  defences.  The  low  level  profile  makes  the  air¬ 
craft  very  much  more  difficult  to  detect  and  track  on  radar,  and  seriously  degrades  the 
effectiveness  of  most  missiles.  Moreover,  sustained  high  speed  penetration  presents 
ground  defences  with  an  increased  problem  of  faster  reaction  time.  However,  a  low-level 
high  speed,  profile  is  demanding  and  dangerous  in  terms  of  terrain  avoidance,  and  places 
considerable  demands  on  the  aircraft's  navigation  and  attack  system,  since  at  no  time  is 
either  the  pilot  or  navigator  likely  to  see  very  far  ahead  of,  or  around  the  aircraft. 
Accordingly,  not  only  must  the  aircraft's  navigation  and  attack  svsten  be  very  accurate, 
but  its  sensors  must  be  capable  of  rapidly  updating  the  whole  weapons  system. 

7.  Should  war  break  out  in  Europe,  it  is  self  evident  that  a  rapid  response  to  any 
enemy  breakthrough  would  be  vital.  Such  a  response  cannot  wait  for  good  weather 
conditions  or,  for  that  matter,  for  daylight.  During  winter,  in  some  parts  of  Europe, 
it  can  be  dark  for  sore  sixteen  hours  out  of  every  twenty  four,  and  it  is  well  known 
that  conditions  of  poor  visibility,  in  daylight,  can  also  exist  for  many  days  on  end. 

It  is  equally  well  known  that  the  potential  enemy  ground  forces  have  the  ability  both  to 
move,  and  to  fight,  in  conditions  of  darkness  and  adverse  weather.  The  HAP,  therefore, 
considers  it  essential  that  its  future  strike/at tack  aircraft  have  the  ability  to 
operate  effectively  under  these  same  conditions.  Moreover,  in  terms  of  the  attack  phase 
of  the  sortie,  the  tactic  of  flying  a  "pop-up"  manoeuvre  in  the  target  area,  where 
pilots  pull  up  to  look  for  the  target  then  follow  through  with  a  dive  attack,  must  now 
be  regarded  as  totally  unacceptable.  The  probability  is  that  important  targets  will  be 
protected  by  a  high  concentration  of  very  effective  defensive  systems.  Accordingly,  to 
reduce  vulnerability,  tbe  entire  process  of  target  acquisition,  identification  and 
attack  must,  whenever  possible,  be  carried  out  from  low  level  altitudes,  regardless  of 
weather. 

THE  RAP  AIR  DSFEECE  TASS 

8.  In  very  general  terms,  the  air  defence  task  involves  maintaining  the  integrity  of 
a  designated  airspace  and  denying  the  enemy  freedom  of  action  within  that  airspace. 

In  the  case  of  the  TJnited  Kingdom,  the  Air  Defence  Region  stretches  from  Iceland  in  the 
north,  to  the  Channel  in  the  south  and  from  the  Atlantic  Approaches  in  the  west,  to  the 
Horth  Sea  in  the  east.  About  8%  of  the  RAP's  front-line  air  defence  force  is  based 
within  the  OS  itself  and,  given  tbe  enormous  geographical  area  to  be  covered,  the  RAP 
sees  an  overriding  need  for  a  long  range  missile  arsed  multi-purpose  interceptor,  with 
a  good  endurance  performance.  Although  a  high  tanoeuvre  performance,  matching  that  of 
any  air  superiority  fighter,  would  be  highly  desirable  in  certain  engagement  situations 
primarily  in  the  context  of  fighter  to  fighter  combat  -  this  aspect,  in  combination 
with  the  essential  criteria  mentioned ,  would  be  extremely  expensive  to  provide.  In  any 
case,  tbe  current  and  predicted  threat  against  the  US  Air  Defence  Region  consists  mainly 
of  medium  bombers.  Accordingly,  the  primary  task  will  be  to  destroy  these  bombers, 
rather  than  take  on  enemy  fighters  in  close  combat. 

9.  Tbe  RAF  must  be  prepared  for  the  enemy  to  employ  mss-raid  tactics  in  an  attempt 
to  saturate  defences.  Hence,  our  air  defence  aircraft  gust  carry  as  many  missiles  us 
possible  and,  additionally,  fire  control  systems  must  have  tbe  ability  to  engage  a 
number  of  targets  in  rapid  succession.  Tbe  enemy  has  a  number  of  attack  opticas:  be 
could  employ  high  speed,  low-level  penetration  tactics;  penetrate  supersonically  at 
medium  or  high  altitude;  or  be  could  coordinate  attacks  from  all  levels.  Against  this 
spectrum  of  threat,  the  RAP  requires  an  advanced  intercept  radar  and  missile  combination 
which  will  allow  the  engagement  of  targets  flying  at  heights  either  above  or  belts#  the 
defending  aircraft.  This  is  commonly  known  as  a  "snap-up"  and  "snap-down"  oape.bility. 
Such  a  weapon  system  will  also  have  to  be  highly  resistart  to  tbe  intensive  EOS  support 
which  is  likely  to  accompany  enemy  raids.  Furthermore,  it  must  be  able  to  operate  with 
tbe  minimus  assistance  from  ground  control  and  early  warning  systems,  as  they  themselves 
might  be  degraded  by  jamming.  In  meeting  these  requirements ,  it  is  important  to  achieve 
a  fine  balance  between  the  strictly  aerodynamic  performance  of  the  aircrift,  and  the 
overall  capability  of  the  weapon  system  as  a  hole.  Per  example,  there  would  seem 
little  point  in  demanding  a  very  rapid  rate  of  climb,  or  an  exceptionally  high  ceiling, 
from  the  aircraft  if  the  same  effect  could  be  obtained,  at  less  expense,  by  an 
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appropriate  choice  of  missiles.  As  a  final  point  for  consideration,  it  would  be  totally 
unrealistic  to  imagine  tbat  an  air  defence  systes,  however  efficient  one  imagines  it  to 
be,  will  stop  "100%  of  attaching  forces  froa  reaching  their  targets.  The  RAF  expects 
that  soee  airfields  will  sustain  damage;  therefore,  it  is  essential  tbat  its  air  defence 
aircraft  have  a  good  short  field  performance  to  continue  operations  froa  airfields 
whose  normal  operating  surfaces  have  been  disrupted  by  eneny  attacks. 

TORNADO  GR1  AND  ITS  ROLES 

10.  The  first  thing  to  realise  about  the  Tornado  GR1  Interdictor/Strike  ( IDS)  aircraft 
is  that  it  is  a  very  snail  one.  It  cospares  in  sire  with  the  ?13,  bu*  is  such  scalier 
than  either  the  FI ft" or  F15,  and  its  nearest  coaparahle  IS  counterpart,  the  Fill.  Its 
twin  Turbo  Union  RB199  turbofans  are  located  at  the  rear,  with  long  variable  intake 
ducts  giving  unobstructed  flow  froa  well  forward  of  the  shoulder-set  variable  geometry 
wings.  Froa  the  cockpit,  the  pilots  forward  view  over  the  nose  is  15°  down,  while  froa 
the  rear  seat  the  occupant  has  a  better  field  of  vision  than  froa  the  hack  seat  of  a 
Fhantos-  This  has  an  added  advantage  for  trailer  versions  since  no  external  modification 
is  required.  Mover-ant  of  the  wings  covers  the  range  froa  2^  when  tally  forward  to  68° 
when  fully  swept,  with  any  intermediate  selection  being  available.  With  the  wings 
forward,  the  aircraft  has  a  very  long  range  and  endurance  capability,  and  tho  full-span 
leading  edge  slats  and  double  slotted  flaps  allow  lev  touch  down  speeds  in  the  order  of 
110  knots  (20ft  ks/h).  When  cochined  with  the  use  of  thrust  reversal's  on  the  engines, 
operations  into  1000  a  strips,  become  feasible.  Conversely,  with  the  wings  swept  hack, 
the  aircraft  can  accelerate  through  the  transonic  regime  into  supersonic  flight. 

Moreover,  in  this  configuration  the  wing  has  a  low  gust  response  to  nrovid*  «n«a*nfci*i 
stability  for  high  speed,  low-level  penetration  ana  attack.  No  ailerons  are  fittec; 
roll  control  is  s obi eve d  by  a  differential  covecent  of  large  tailerons,  assisted  at 
slower  speeds  by  asym^e tz-xc  deployment  of  spoilers  from  the  upper  surfaces  of  the  wing. 
These  spoil  c-rs  also  operate  symmetrically  after  touchdown  acting  as  lift  dumpers.  In 
line  witk  «any  of  today's  modern  cor bat  aircraft.  Tornado  has  l  fly-by-wire  system  that 
transits  pilot  commands  to  the  control  surfaces  by  electric  signal.  This  innovation 
offers  several  advantages  over  the  traditional  mechanical/hydraulic  systen.  To  begin 
with,  good  steady  state  and  dynamic  responses  to  pilot  demands  are  ensured  under  either 
high  or  low  “g*  conditions  and  the  general  ride  characteristics  are  enhanced,  particu¬ 
larly  in  severe  turbulence  at  lew  altitude  where  a  stable  weapons  delivery  platform  is 
cost  important.  Stall,  spin,  and  buffet  characteristics  are  all  improved  and  any  auto- 
satic  compensations  for  configuration  changes  are  simplified.  Finally,  Autopilot 
Stability  Augmentation  and  Terrain  Following  commands  are  more-  easily  integrated  into 
the  system. 

11.  Tornado's  engines  have  been  designed  to  provide  economic  fuel  consumption  at  dry 
settings  during  low-level  transonic  flight  and  also  high  rabsst  thrust  for  Shore  take¬ 
off,  combat,  and  Mach  2  plus  flight,  xhe  remarkably  ssall  engine  has  a  three  spool 
layout,  each  independent  of  the  other,  which  allows  each  section  of  the  engine  to  run 
at  its  optimum  speed  without  recourse  to  variable  incidence  blading.  In  sine,  tbs 
complete  engine  change  unit  is  about  3.2  a  long  with  a  maximum  diameter  of  only  0-83  c, 
including  the  afterburner.  The  reheat  nozzle,  which  has  overlapping  petals,  is  fully 
variable  to  give  sximus  efficiency  at  part  reheat  settings.  Fitted  directly  to  the 
rear  of  the  jet  pipe,  are  clam-shell  type  thrust  reversers,  and  reverse  thrust  can  be 
used  on  the  ground  down  to  zero  forward  speed. 

12.  After  the  airframe  and  the  power  plants,  the  third  part  of  Tornado's  weapon  systes 
is  the  avionic  equipment.  Low-level ,  high-speed  operations  at  night in  adverse 
weather  conditions,  and  against  jamming,  are  deseeding  at  the  best  of  mimes;  they  create 
a  very  exacting  environs eat.  For  this  reason  the  RAF  considered  that  a  two  nan  crew 
was  essential.""  Most,  hut  not  aU,  of  the  avionic  management  is  conducted  by  the 
navigator  in  Tornado.  The  key  to  our  intended  low-level  penetration  tactics,  in  any 
weather,  is  the  Texas  Instruments'  Terrain  Following  Radar  systen,  similar  in  some 
respects,  but  sore  advanced,  than  the  equipment  in  the  ISAF's  Fills.  Both  manual  and 
automatic  modes  can  be  flown  at  height  selections  ranging  froa  1500  feet  (&5?  n)  down 

to  200  feet  (61  n)  and  a  'ride  control'  can  vary  the  values  of  pull-up  and  push-over 
c errands  from  the  computer.  Three  qualities  of  ride  control  can  to  selected,  with 
'bard  ride'  giving  the  best  terrain  following  performance  at  the  expense  of  some  dis¬ 
comfort  to  the  crew.  At  the  heart  of  *ke  Davisaiion  and  att=ck  system,  is  a  digital 
sain  computer,  with  a  storage  capacity  roughly" equal  to  tbat  of  a  small  commercial 
company's  complete  computer  installation.  This  computer  accepts,  processes,  and 
distributes  information  between  the  various  peripheral  equipments.  In  the  rear  cockpit, 
the  navigator  has  tuo  Tv-tabula ;or  displays,  each  with  a  sulti-furction  key  board 
through  which  be  can  eomsusicate  with  the  main  computer.  Msic  attitude  and  velocity 
data  Tot  the  crew  is  provided  by  an  inertial  navigator,  deppler,  3rd  secondary  attitude 
and  beading  reference  ^sterns.  Navi^tion  calculations  are  performed  in  the  main 
computer,  and  the  Information  is  passed  to  both  crew  members ,  the  weapon  aiming 
circuits,  usd  the  automatic  flight  director  systes.  The  primary  sensor  of  vac  avionics 
system  i=  the  ground  napping  radar,  optimised  for  air-to-ground  use  by  utilising  high 
technology  features  to  giv*  good  resolution  for  sapping  and  target  acquisition.  As  a 
target  is  approached,  the  main  computer  will  point  the  pilot's  bead-up  display  (HUD) 
target  sarkar,  toe  ground  mapping  radar,  and  a  laser  range  finder,  all  towards  the 
estimated  target  position,  Been  in  visual  conditions,  from  low-level,  the  target  night 
first  be  acquired  on  radar,  and  the  whole  system  would  then  be  updated  by  the  navigator 
using  a  hand  controller  to  place  radar  markers  ever  the  response.  ?rer  this  stage,  a 
blind  attack  could  be  completed  using  the  laser  ranger-  to  ceasure  target  impression 
angle  for  height  cottnutatieo.  Should  the  pilot  see  the  target,  be  could  elect  to 


control  the  attack  at  any  stage,  using  bis  ow.*  separate  band  controller  to  position  nis 
HOD  target  marker  directly  on  the  target.  Thi*  action  further  updates  the  computer 
with  regard  to  pinpointing  target  position.  Ve *.por,  release  is  cued  by  the  sain  computer, 
provided  that  tisu  pilot's  weapon  release  button  is  pressed,  A  great  deal  of  redundancy 
is  built  into  the  systea,  and  no  single  failure,  including  that  of  the  sals  eoaputer, 
will  prevent  an  attack  being  completed. 

13-  Arsed  with  Tornado  IDS,  the  HAP  plans  to  empl.o't  this  conprebensive  weapons  systea 
in  a  nunber  of  roles.  These  roles  are  aiaed  priority  towards  fulfilling  Britain's 
KATO  consitsents.  This  involves  two  spheres  of  operation,  nasely,  overland  in  the 
Central  Region  and  the  Planks  of  Allied  Comae d  Europe  under  SACEUR,  and  over  the  sea  in 
the  Eastern  Atlantic  and  Channel,  on  behalf  of  SACLAIft  In  the  overland  case,  the 
primary  role  in  war  is  seen  as  counter-air  operations  at \inst  Warsaw  Fact  airfields, 
where  the  air  will  be  to  frustrate  and  disrupt  the  enemy  *  operations  oy  attacking  his 
operating  surfaces.  An  interdiction  ro?e  will  also  be  gi  es  to  US  Tornados,  directed 
against  Varsaw  Pact  lines  of  communication  and  /rapport  art  1 3.  There  could  also  be  a 
Deed  to  supplement  the  direct  support  of  land  forces  by  using  Tornado  GRIs  in  a  close 
air  support  role;  at  present,  the  capability  of  European  btsed  ground  attack  aircraft 
is  predominantly  confined  to  daylight,  fair-weather  operation©,  but  Tornado  will  be  able 
to  provide  close  air  support,  both  at  night  and  in  poor  wet thar  conditions,  thereby 
extending  the  RAP's  overall  capability  in  this.  role.  A  reconnaissance  role  is  also 
planned  for  the  aircraft  and  this  will  be  a  continuing  task  during  all  stages  of  any 
conflict,  to  provide  quick  and  accurate  intelligence  inform ition  about  enemy  numbers, 
positions,  and  movements.  A  wide  range  of  armament  can  be  arriec  by  US  Tornados  with 
sosc  VeSposs  being  optimised  for  particular  roles.  Missile/  can  be  carried  for  self- 
defence,  and  each  IDS  aircraft  has  a  twin  cannon  installable n,  internally  mounted , 
which  can  be  used  either  for  self-defence  or,  offensively,  against  ground  forces. 

THE  TORNADO  AIR  DEFENCE  VARIANT  (ADV) 

1ft.  Prom  the  outset,  two  factors  dominated  RA?  thinking  on  tf  now  air  defence  aircraft. 
First,  there  was  the  need  to  capitalise  on  the  large  investments  that  were  being  cade 
Id  the  international  Tornado  programme  and,  of  equal  imports: ce ,  there  was  the  need  to 
consider  the  special  nature  of  the  RAP  air  defence  role,  comprising  both  ivaritimo  end 
national  air  defence.  For  these  reasons,  and  other.:  already  outlined  earlier  in  this 
paper,  tho  concept  of  a  long  range  interceptor,  rather  than  as  air  superiority  fighter, 
was  decided  upon.  Because  of  its  engines  and  variable  geometry  wings  the  besic  Tornado 
already  possessed  many  of  the  characteristics  required  for  such  an  interceptor  and,  in 
the  interests  of  ecaionality,  alhsrations  to  produce  an  air  difence  variant  have  been 
kept  to  f  minimal.  The  main  differences  are  the  substitution  of  an  air  intercept  radar, 
ra*de  by  Marconi  Elliot  Aerospace  Systems  Ltd  (MEASL) ,  for  the  terrain  folltwing  one  is 
the  IDS,  and  an  extension  of  the  fuselage  to  accommodate  air-*. o-ai .*  missiles.  To  permit 
both  front  and  rear  neni sphere  atta«ks  the  radar  will  have  very  good  detection  ranges, 
significantly  hotter  than  current  At 3  cam  achieve,  and  also  a  lock  down  node  against  a 
background  of  terrain  or  sea  clutter.  Furthermore ,  in  will  bare  ,  track-while-scan 
facility  bo  that  multiple  targets  can  be  attacked  in  quick  succession;  here,  tne 
counter  assists  the  crew  by  helping  to  determine  attack-steer  .ng,  and  the  cost  effec¬ 
tive  sequence  of  targets  to  select.  Ground  rapping  and  excellent  thort  range  perfor¬ 
mance  are  both  built  in  features,  and  the  Marconi  equipment  is  versatile  enough  to  titer 
for  high  crossing  angle  targets,  or  rear  hemisphere  attacks.  As  sr  integral  part  of 
this  o  'era 11  capability,  the  best  possible  Electronic  Counter  Counter  Measures  (ECCM) 
features  have  also  been  incorporated  to  enable  continued  operations  in  the  inevitable 
EC31  environment  tspected. 

1?.  Tbs  standard  weapon  load  which  ADV  will  carry  comprises  a  sis  of  missiles  and  a  gun 
Sky  ^lasb  is  the  primary  missile,  wrick  is  e  H  development  of  the  Americas  AIM?  Sparrow. 
Pour  of  those  will  be  carried,  semi-submerged  in  recesses  in  the  icderside  of  the 
fuseltge.  fhese  missiles,  whose  semi-active  hosing  heads  are  of  entirely  US  design, 
have  an  improved  snap-down  capability,  better  descriminaticn  againvt  sulSiple  targets, 
and  much  improved  SCCM  features.  All  of  these  facetc  are  aimed  at  o*ing  particwlErly 
effective  ega. ost  the  expected  price  threat,  a  mass  raid  st  lew-level.  Complementing 
the  Sky  flash  lead,  ATM9Ds ,  which  are  shorter  range  heat-seeking  missiles,  will  also  be 
carried.  The  internally  mounted  gun  is  a  Z?  «  Kaustz  cannon  which  has  two  selectable 
rates  of  fire  aw*,  a  jjnarkable  suisle  velocity  to  give  greatly  extendet  firing  ranger . 

IS.  Although  ADV's  hardware  Is  SO%  common  wi fa  the  IDS  version,  the  aviooics  system 
has  been  complete. j  re-orientated  to  efte  air  »rfessce  role  in  order  to  take  full  advan¬ 
tage  of  t'e  advance  capability  provided  by  <*-  Marcon*  radar  and  Sky  "lamb.  A 
complete1  •*  new  sofivvre  suite  has  been  intreuueei  for  the  computing  system,  providing  a 
large  nua  «r  of  facilities  to  both  the  pilot  sod  the  navigator,  to  rake  the  Tor-ado  AI»Y 
feveral  t.r.»a  nira  effective  than  existing  air  defence  aircraft.  Like  azsy  other  sir 
cefeoce  aircraft  of  evf.a  mol ore  sophistication,  the  first  problem  i«  be  solved  is 
'target  i-Jent  ifieeti  cl 1 .  Ko  sutgls  foolproof  wstts  exists  today,  but  the  RAF  believes 
an  zppreaeh  which  uvilises  a  rusher  of  sensors.  Clearly  to?*s  radar  will  help  to 
locate  targets  end  anc’yte  their  behaviour,  and  any  response  at  60,000  feet  moving 
towards  the  ua  at  '.itch  fe.  5  • s  uo-ikeiy  to  have  1  1?  intentions.  However,  that  is 

an  extrema  e sample  so,  a©  anothe,  neature,  ADY  will  have  as  os-li-»  3Gt-resj otant, 
netted  deta-liuk  system.  Thlr  will  provide  jam-resistant  digital  data  transfer,  secure 
speech,  and  precise  nsri^tion  Is? sracti-n.  Within  the  data  link  community,  will  also 
fee  seme  shins,  AR#  ainrod,  and  *;**  UEADC-L ,  together  with  the  *BA?  and  ’S3H.  ACT  will 
also  '•*  fitted  with  an  integrated  TF?  interroiptor.  Rext  there  is  a  Visual  Auraen- 
tstioz.  Systea,  which  is  t.  bu.lt-lo  elect-*o-^,ptieal  device  displaying  a  *.*v  picture  of  th* 
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target,  allowing  positive  identification  by  day  in  sufficient  time  for  front  hemisphere 
firing.  At  night,  and  in  starlight  only  conditions,  the  system  will  still  allow  iv^oti- 
fication  at  ranges  well  in  excess  of  the  required  rane-es  for  safe  shadowing  and  missile 
release.  Finally,  a  Radar  Warning  Receiver  will  be  used,  acting  like  an  airborne 
electronic  surveillance  system.  Its  own  computer  will  analyse  any  detected  emitters 
to  tell  the  crew  what  it  believes  the  target-type  to  be,  and  from  which  direction  it  is 
approaching.  Any  specific  threat  to  the  aircraft  itself,  from  SAMs  or  AT  radars  for 
example,  will  override  the  general  surveillance  mode,  and  trigger  both  audio  and  visual 
alarm  warnings  to  the  crew.  All  of  these  measures,  in  combination,  will  go  a  long  way 
to  resolving  the  problem  of  isolating  friend  from  foe,  with  a  high  degree  cf  assurance. 

1?.  Given  this  wide  range  of  equipment,  the  next  question  is  how  best  to  utilise  all 
this  capability.  The  navigator  will  have  two  TV  tabular  displays,  like  the  DS,  from 
which  he  can  call  up  several  different  forrats  at  will.  His  basic  working  display  will 
oe  a  range/azimuth  picture,  incorporating  track-while-scan,  with  a  great  number  of 
targets  shown  at  once  and,  if  required,  precise  flight  data  shown  on  any  oDe  <.f  them. 

Also  available,  are  two  types  of  pulse,  raw  velocity,  ground  mapping,  fault  read-out, 
navigation,  and  fixing  f ornate.  In  the  front  cockpit,  the  pilot  will  have  a  HUD  and, 
mounted  beneath  that,  a  single  TV  monitor.  On  this  monitor,  he  can  either  elect  to 
have  one  of  the  rear  seat  displays  duplicated,  or  he  can  select  his  own  attack  display 
which  will  provide  all  the  necessary  information  to  complete  a  missile  attack  once  a 
particular  target  has  been  selected.  However,  it  is  the  HUD,  common  to  all  Tornados, 
which  will  be  the  pilot's  main  attack  reference.  Symbology  for  this  fixed-combiner 
system,  with  a  large  field  of  view,  has  been  specially  adapted  for  the  air  defence  role. 

In  the  ..ot  too  distant  future,  it  is  hoped  that  a  helmet  mounted  sight  will  be  available 
to  supplement  the  HUD,  and  the  existing  avionics  in  ADV  have  been  designed  for  this 
eventuality.  There  is  one  other  major  display,  quite  revolutionary,  called  a  Tactical 
Planning  Format.  On  this,  the  crew  will  carry  out  their  threat  analysis,  evaluate 
attack  sequence  options,  and  determine  the  best  weapon  alternatives.  The  display, 
which  is  North  orientated,  can  show  plan-view  information  including  Combat  Air  Patrol 
points,  fissile  Engagement  Zones,  Airborne  Early  Warning  barriers,  as  well  a"  other 
co-operating  fighters  and  the  targets  themselves.  Complementing  these  normal  modes  of 
weapon  and  attack  selection,  the  pilot  also  has  an  override  system  to  enable  him  to 
enter  a  visual  fight,  should  the  situation  arise.  In  this  event,  he  can  control  all 
weapons  without  removing  his  hands  from  either  the  flying  controls  or  tl.,  throttles. 

18.  In  summary,  Tornado  ADV  has  a  very  flexible  array  of  controls  and  displays  to  cope 
with  a  variety  of  engagement  situations,  from  long  range  identification  at  one  extreme, 
to  close-quarters  visual  combat  at  the  other.  However,  all  of  the  computer-processed 
information  is  provided  for  advisory  purposes  only,  and  executive  control  of  any  action 
remains  firmly  with  the  crew.  As  an  interceptor,  the  aircraft  will  be  extremely 
effective  in  dealing  with  high  or  low-level  attacks  by  medium  bombers  of  the  Fencer/ 
Backfire  type.  Operating  from  ground  alert,  it  will  also  be  able  to  counter  the  type 
of  stand-off  missiles  under  development  and,  if  .launch-ranges  of  these  are  improved, 
Tornado  ADV  will  have  sufficient  loiter  capability  to  fly  combat  air  patrols  well  out 
from  the  UK's  coast-line.  Similarly,  for  the  maritime  air  defence  role,  combat  air 
patrols,  flowD  over  the  surface  group  to  be  protected,  can  meet  the  most  serious  threat 
of  enemy  aircraft  carrying  stand-off  missiles. 

SERVICING  ASPECTS 

19.  There  is  little  point  in  planning  to  operate  an  advai—eJ  weapons  svstem  without 
first  making  quite  certain  that  it  will  be  possible  to  maintain  it.  From  the  outset, 
Service  maintenance  experts  have  had  a  strong  influence  during  the  design  stages  to 
ensure  that  chis  objective  Is  achieved.  Consequently,  all  systems  in  Tornado  are  built 
on  a  Line  Replaceable  Unit  basis,  and  there  is  a  special  maintenance  panel  on  the  air¬ 
craft  to  show  the  status  of  these  units.  Moreover,  each  unit  has  Built-In  Test  Equip¬ 
ment  which  enables  it  to  be  checked  out  quickly,  and  most  have  aD  external  indication 
of  their  serviceability.  The  main  computer  also  has  a  ground  test  programme  which  car. 
be  loaded  to  validate  the  whole  avionics  system.  With  the  exception  of  a  small  number 
of  items,  maintenance  is  planned  on  a  basis  of  replacing  items  only  when  they  are  shown 
to  be  defective.  This  scheme  expends  less  time  wasting  in  changing  'life-expired*  parts, 
and  encourages  more  economic  use  of  parts  in  general.  An  automatic,  computerised, 
diagnostic  system,  designed  to  check-out  units  and  isolate  faults,  will  also  be  available. 
All  of  these  aspects  should  greatly  assist  in  keeping  periods  of  aircraft  unserviceability 
to  a  minimum,  and  help  to  reduce  aircraft  turn-round  times  during  war. 

SUMMARY 

20.  The  concept  of  producing  a  multi-role  aircraft  designed  to  meet  the  complexities  of 
a  number  of  roles  was  reached  only  after  extensive  computer  analysis  had  shown  the  way 
ahead. _  For  the  RAP,  the  air-to-ground  task  and  the  air-to-air  task  cells  for  differing 
operating  capabilities,  but  Tornado  can  meet  these  requirements.  In  its  IDS  version, 

the  aircraft  will  be  able  effectively  to  carry  out  the  roles  of  counter-air,  interdiction, 
close  air  support,  maritime  attack,  and  reconnaissance.  Moreover,  it  will  be  able  to  do 
so  at  very  high  speed  and  very  low  altitude,  regardless  of  weather.  The  ADV,  or.  the 
other  hand,  will  use  its  powerful  long  range  multi-target  radar,  advanced  avionics  with 
computerised  mission  planning,  and  automatic  attack  features,  together  wivh  its  missile 
j-mament,  to  make  it  the  most  effective  interceptor  available  for  the  air  defence  of 
’-we  UK's  large  strategic  area.  Backing  this  very  wide  raLge  of  capabilities,  will  be  a 
comprehensive  maintenance  system  of  support,  designed  from  the  outset  to  optimise  fault 
diagnosis,  and  keep  the  aircraft  ready  to  fly  with  the  mini deinv.  The  RAF  has  bad 
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ssany  distinguished  aircraft  in  its  service  throughout  the  years,  but  the  introduction 
of  Tornado  into  front-line  service  will  oark  a  significant  increase  in  the  RAF's 
fighting  capability  for  both  defensive  and  offensive  operations. 


Copyright (^Controller  HUSO,  London,  1979. 
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RESUME 

Dans  Ja  fiche  programme  de  l’Armee  de  l’Air  franqaise,  le  Mirage  2000,  avion  de  combat  monoplace  doit  etre 
capable  dans  sa  version  de  defense  et  de  superiority  afirienne  d’intercepter  des  appareils  hostiles  volant  a  tres  haute 
altitude,  de  detruire  les  avions  ennemis  p^ndtrant  a  basse  altitude,  d'engager  le  combat  aerien  rapproche  a  armes  egales 
avec  les  meilleurs  chasseurs  de  sa  gyration  et  doit  etre  Igalement  en  mesure  d’accomplir  des  missions  d’attaques  au 
sol  avec  un  anriemeni  conventionnel,  Ce  role  polyvalent  du  Mirage  2000  a  conduit  les  Services  Techniques  de 
I’Alronautique  et  les  Constructeurs  a  concevoir  un  systeme  d’armes  navigation,  pilote  automatique,  radar,  conduite 
de  tir,  contre-mesures  tres  complexe.  L’utilisation  d’un  tel  systeme,  qui  poserait  deja  un  probleme  de  saturation  au 
pilote  dans  un  avion  de  combat  monoplace  actuellement  en  service  dans  nos  escadres,  devrait  etre  encore  plus  difficile 
dans  le  Mirage  2000.  En  effet,  compte  tenu  des  qualites  de  manoeuvrabilite  de  cet  avion,  largement  augmentees  par 
l’adoption  de  commandes  de  vol  61ec!riques,  l’Arm6e  de  l’Air  devra  introduire  de  nouvelles  tactiques  de  combat  qui 
seront  plus  epiouvantes  et  plus  contraignantes  pour  le  pilote.  Afin  d’utiliser  au  mieux  les  grandes  capacity  operation 
nelles  du  Mirage  2000,  un  effort  important  d’integration  a  6t6  fait  au  niveau  de  la  cabine  pour  rfaliser  les  meilleurs 
comp.omis  dans  la  presentation  des  parametres  et  des  commandes  du  systeme  au  pilote:  visualisations  tete  haute 
adaptdes  a  chaque  phase  de  vol,  commandes  multiplexes,  presentations  synthetiques  de  situations  tactiques. 


1.  INTRODUCTION 

L’expose  se  limitera  au  systeme  d’armes  du  Mirage  2000  de  defense  aerienne.  Dans  le  cadre  de  ce  “36th  AGARD 
Aerospace  Medical  Panel”  il  sera  fait  d’avantage  dans  l’cptique  d'une  evaluation  de  charge  de  travail,  de  fatigue  de 
Equipage  op£rationneI  en  mission  de  combat,  plutot  que  dans  celle  d'une  etude  technique  detaillee  du  materiel 

La  description  du  systeme  sera  done  assez  complete  dans  ses  principes  mais  sommaire  dans  sa  realisation  et  son 
fonctionnement,  independamment  des  irnprecisions  volontaiies  qu’impose  un  expose  non  classify. 

Le  Mirage  2000  dtant  encore  actuellement  dans  la  phase  essa.s  en  vol  et  non  en  escadre.  cet  expose  ne  presentera 
done  qu’un  etat  actuel  du  systeme  qui  est  encore  appele  a  evoluer. 

Nous  verrons  successivement; 

-  comment  se  pr^sente  le  Mirage  2000  en  mission  opyrationnelle  en  comparaison  avec  les  avions  cxistant 
actuellement  dans  les  escadres  de  Chasse  fran?aise: 

-  le  ddroulement  de  deux  missions  types  du  Mirage  2000; 

-  les  systemes  principaux  qui  ont  un  impact  direc.  sur  la  charge  de  travail  de  I’equipage.  Nous  ne  parlerons  pas. 
par  exemple,  des  circuits  hydrautiques,  carburant,  con  Jitionnement  ou  encore  de  conduite  moteur  qui  sont 
communs  a  d’autres  avions  et  completement  assimiies,  sans  effort,  par  les  pilotes. 

Nous  ne  nous  snteresserons  qu'au  SNA  (Systemes  de  Novigation  et  d’Armement )  et  au  pilote  automatique  qui  est 
1’aide  au  pilotage  principal  et  indispensable  a  1’emploi  op6rationnel  de  I’avion. 


2.  LES  OBJECTIFS  DU  MIRAGE  2000 


Avant  de  parler  des  s>stdmes  du  Mirage  2000  de  Defense  a6ncnne,  il  est  indispensable  de  rappcler  orievement 
quelques  points  importants  concemar.t  la  mission,  le  domaine  de  vol,  1’utilisation  de  1’avion.  Cette  premiere  version  du 
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Mirage  2000  a  une  vocation  privilegiee  de  Defense  et  de  superiority  aeriennt.  11  doit  etre  capable  d’intercepter  des 
avions  hostiles  volant  a  tres  haute  altitude,  de  detmire  des  avions  penetrant  a  basse  altitude  et  d’engager  le  combat  avec 
les  meilieurs  chasseurs  de  sa  generation. 

De  plus  cette  version  du  Mirage  2000  doit  etre  capable  de  missions  secondares  tellcs  que  1’attaque  au  sol  avec  des 
armements  varies  mais  conventionnels. 

Pour  r6pondre  a  ces  besoins,  le  domaine  de  vol  doit  etr.  au  moins  celui  des  avions  de  combat  les  plus  perfomrants 
et  la  direction  du  programme  2000  s’est  fixee  les  valeurs  suivantes: 

-  Mach  2,2  a  haute  altitude; 

-  800  kts  a  basse  altitude; 

-  un  plafond  pratique  superieur  a  55000  ft  avec  deux  missiles  a  longue  portee; 

-  la  possibility  de  dytruire  un  ennemi  volant  a  75,000  ft,  Mach  2,5  moins  de  5  minutes  apres  le  decollage. 

Pour  lui  permettre  d’engager  le  combat  avec  les  meilieurs  chasseurs  de  sa  generation,  on  a  ete  conduit  a  donncr  a 
l’avion  une  tres  grande  manoeuvrability  qui  a  yty  obtenue  par  l’introduction  de  commandes  de  vol  electriques  qui  ont 
permu  d’envisager  de  voler  avec  des  marges  staf.iques  faibles  voire  nygatives.  Cette  manoeuvrability  se  traduit  bien  sur 
par  des  facteurs  de  charge  importants,  mais  surtout  par  des  chaugements  de  trajectoire  rapides  qui  impliquent  de 
brutales  variations  du  facteur  de  charge,  done  ur.e  fatigue  plus  importante  et  des  conditions  d’emploi  des  commar.des 
des  systimes  plus  difficiles.  Par  exemple,  par  rapport  aux  avions  existants  actuellement  dans  PArmee  de  1’Air  fraiifaise, 
le  gain  obtenu  en  facteur  de  charge  maximum  instantany  est  de  80%  dans  certaines  parties  du  domaine;  les  facteurs  d : 
charge  soutenus  ont  6ti  am£liory$  d'environ  55%  en  subsonique  et  jusqu’a  130%  a  Madi  2. 

II  faut  ygalement  prdciser  que  pour  diffyrentes  raisons,  economiques  et  politiques  la  formule  monoplace  a  etc 
retenue.  Le  pilote,  setil  membre  d’equipage,  a  done  une  charge  de  travail  tres  importante  qu’il  doit  effecturr  scuvent 
dans  des  conditions  difficiles: 

-  difficiles  physiquement  en  combat; 

-  difficiles  ygalement  intellectuellemcnt  et  materiellement  car  la  mission  principale  doit  sc  faire  de  jour  comme 
de  nuit,  pratiquement  indypendammef.it  des  conditions  metyorologlques. 

Le  pilote  doit  assurer  la  conduite  de  I’avion  dans  le  respect  des  regies  de  sprite  des  vols  et  </e  !a  circulation 
ayrienne.  II  doit  mener  a  bien  la  mission  de  combat,  e’est-a-dire  dytruire  I’adversaire  ou  l’objectif  au  sol  dans  un 
environnement  hostile,  lx  pilote  doit  a  ce  litre  assurer  sa  sycurity  contre  l’ennemi  (avions,  engins)  par  sa  vigilance  et 
l’emploi  des  contre-mesures. 


3.  DEROULEMENT  DE  MISSIONS  OPERATIONNELLES  EN  MIRAGE  2000 

A  titre  d’exemple,  pour  illustrer  le  role  et  la  charge  de  travail  du  pilote  du  Mirage  2000  nous  allons  le  suivre  au 
cours  de  deux  missions  d  I’avion: 

-  une  interception  Air-Air 

-  une  attaque  au  Sol  apres  une  navigation  basse  altitude  en  territoire  hostile. 

Chacune  de  ces  deux  missions  peut  comporter  un  ou  p!usie":s  ravitai'ilcmeiits  en  vol. 


3.1  Mission  Air-Air 


Le  pilote  apr£s  une  pyriode  “d’alerte  a  temps”  pour  une  mission  de  defense  acnenne  est  passe  en  "alerte  renforcye”. 
II  se  trouve  done  dans  l’avion,  equipy  de  Hiabit  pryssurisy  pour  la  haute  altitude.  L’avion  est  arme  avec  missiles  ci  canons, 
les  securitys  sont  enlevyes,  ie  systeme  est  en  partie  sous  tension,  le  pilote  a  fait  son  inspection  cabine,  la  centrale  a  inertie 
est  alignye. 

L’ordre  de  mise  en  route  vient  de  lui  etre  donn£,  le  dycollage  aura  lieu  quelles  que  soient  l’heure  et  les  conditions 
mytyorologiques.  Celui-ci  intervient  moins  de  deux  minutes  apres  ryceptior.  de  1’ordre.  Le  pilote  en  contact  avec  les 
OPERATIONS  re^oit  I’ordre  de  prendre  un  cap  et  une  montee  initiale  pour  intercepter  des  avions  ennemis  approchant 
a  une  altitude  supyrieure  a  50,000  pieds  et  a  un  Mach  legercment  supyrieir  a  2. 

Le  but  de  cette  mission  est  !a  destruction  de  ces  assaillants  le  plus  rapidement  possible  pour  reduire  leur  penetra¬ 
tion  en  territoire  ami. 

La  manoeuvre  sera  done,  au  moins  dans  un  premier  temps,  une  interception  face  a  face  avec  des  vitesses  de 
rapprochement  supyrieures  a  Mach  3. 

Peu  apr£s  le  dycollage,  1’avion  est  transfyre  a  un  centre  de  controle  et  de  guidage  radar  (cellule  d’mterception)  qui 
va  guider  le  Mirage  2000  vers  la  cible  en  le  plaint  dans  les  meilleurcs  conditions,  compte  tenu  de  son  armemc.'it. 

Plusieurs  modes  de  transmission  des  ordres  sont  prdvus  dans  le  systeme  d’armes  du  Mirage  2000. 
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Le  parametre  TEMPS  est  primordial,  le  premier  tir  (celui  des  missiles  longue  portee),  doit  avoir  lieu  dans  les  cinq 
minutes  qui  suivcnl  le  d6collage.  Pour  le  pilote  les  eontraintes  physiques  sont  tres  grandes  I’avion  monte  en  pleine 
ctiarge  post-combustion,  Faeceleration  es*  importante,  la  pente  de  montee  est  tres  forte,  le  pilote  est  en  vetement 
pressunsd  done  dans  un  environnement  peu  confortable.  Sa  tension  nerveuse  est  grande,  elle  est  celle  de  tout  soldat 
partant  au  combat  et  e'est  un  parametre  a  ne  pas  negliger. 

La  charge  de  travail  est  considerable  pour  un  pilote  seul. 

L’interception  comporte  5  phases  pour  lesquelles  le  pilote  doit  mettre  en  conditions  le  systeme  d’armes  tout  en 
assurant  la  conduite  de  Fappareil: 

-  Phase  de  preguidage,  tant  que  le  radar  n'est  pas  accroche,  le  pilote  visualise  les  cibles,  conduit  I’lnterrogation  IFF, 
initialise  la  poursuite;  toutes  ers  informations  sont  presentees  sur  un  ecran  tete  basse: 

-  Phase  de  guidage. 

Le  radar  est  en  poursuite  sur  informations  discontinues  on  continues.  Dans  cette  phase.  I  .nurception  est 
presentee  en  situation  taciique  sur  un  ecran  tete  basse.  les  informations  sur  la  cible.  les  c .  nsignes  et  les  ordres 
sont  utilisables  par  le  pilote  en  tete  haute; 

-  Phase  de  tir  qui  a  lieu  dans  ie  domaine  du  missile: 

-  Phase  d’eclairement  de  la  cible  pour  le  guidage  missile: 

-  Phase  de  degagement,  visualisee  c  'ns  le  viseur. 

Ensuite  dans  le  meilleur  des  cas,  la  mission  est  terminee.  le  pilote  rejoint  sa  base  et  se  pose 

Mais  il  peut  etre  amene  a  poursuivre  la  mission  avec  ses  missiles  courte  portee  et  meme  ses  canons.  C’est  aiors  une 
phase  de  combat  plus  ou  moins  longue  avant  le  retour  vers  la  base  et  l’atterrissage. 

Le  deroulement  d’une  telle  mission  est  classique  mais  avec  les  avions  lei  plus  modemes  existant  actuellcment.  la 
tension  imposee  au  pilote  est  de  plus  en  plus  grande: 

-  il  lui  faut  reagir  de  plus  en  plus  vite,  mettre  en  oeuvre  des  systemes  de  plus  en  plus  complexes  dans  des  t  rnps 
de  plus  en  plus  rdduits: 

-  il  est  amene  a  subir  des  eontraintes  physiques  de  plus  en  plus  seveies  (facteurs  de  charge  plus  grands  et  surtout 
variations  beaucoup  plus  bnitales  du  facteur  de  charge): 

-  les  missions  peuvent  etre  de  plus  en  plus  longues  avec  !c  ravitaillemtnt  en  vol: 

-  les  conditions  a  "atterrissage,  avec  Fabaisscment  des  minima,  peuvent  egalemcnt  contribuer  a  augmentcr  la 
fatigue  du  pilote. 

3.2  Missfta  Air-Sol 

D*ns  une  mission  d’attaque  Air-Sol  les  conditions  sont  differentes.  L’avion  est  dans  une  autre  configuration,  il 
est  beaucoup  plus  lourd.  Le  deroulement  de  la  mission  est  entierement  du  ressort  du  pilote  qui  sera  souvent  cutonome 
sauf  en  mission  d’appui  au  profit  des  troupes  au  Sol. 

La  prepattfigmrj^fo  mission  est  plus  longue,  plus  minutieuse,  le  deroulement  souven,  plus  fatigant  proximite  du 
sol  a  grande  vitesse  (500  a  600  kt),  turbulences,  surveillance  du  ciel.  emploi  des  contremesurcs - 

Le  pilote  est  par  contre  dans  une  tenu  *  ne  voi  plus  legere  et  plus  confortable.  La  mission  se  dcroule  chronoiogique- 
ment  de  la  facon  suivante: 

-  Phase  de  navigation 

Elle  se  fait  a  une  altitude  et  a  une  vitesse  va.-ables  en  function  de  la  proximite  dc  Fobjectif.  Elle  peut  comportcr 

un  ravitaillement  en  vol.  Elle  se  terminc  de  toutes  fa?ons  a  tres  basse  hauteur  et  grande  vitesse. 

Elle  se  fait  en  autonome  vers  un  point  tcumant.  un  point  initial  ou  directement  vers  Fobjectif  11  est  souvent 

necessaire  pour  des  raisons  operationnelles  d’amver  sur  Fobjectif  sur  une  route  donate  a  une  heure  donr.ee. 

Cette  navigation  doit  eventuellement  etre  recalcc  avant  la  phase  d’attaque. 

-  Phase  preattaque 

Elle  est  en  fait  une  tihase  de  preselection  avant  Fattaque.  Elle  se  fait  pendant  la  navigation.  Le  pilote  doit  choisir 

Farmement,  le  moac  d’attaque  et  les  conditions  dc  tir. 

-  fltere  passage  en  attaque 

L’identificatton  du  point  mitral  ou  de  Fobjectif  doit  sc  fairc  en  maintenant  une  tres  basse  hauteur 

Le  pilote  doit  designer  le  point  initial  ou  directement  Fobjectif  suivant  le  mode  d’attaque  selectionnc 

-  Phase  de  tir,  de  bombes  lisses  ou  freinees,  dc  roquettes  ou  aux  canons. 

-  Phase  de  degagement  suivie  a  nouveau  d'une  phase  de  navigation  cn  retour  vers  la  base. 


A  tout  moment  le  pilote  doit  etre  capable  pour  assurer  la  mission  de  faire  des  changements  de  navigation:  zones 
de  fortes  concentration  de  DCA  ennemie  (DEfense  Contre  Avions),  par  exempie,  et  d’effectuer  des  Evasives  en  cas 
d’attaque  par  des  chasseurs  ennemis. 

Le  pilote  doit  Egalement  etre  capable  d’engager  le  combat.  11  abandonne  la  mission  de  bombardement,  s’allege  par 
largage  des  charges  mais  peut  ainsi  permettre  a  d'autres  avions  du  raid  de  poursuivre  leur  mission  d’attaque  au  sol. 

Cette  mission  Air-Sol  est  aussi  tres  compliquEe,  elle  demande  une  concentration  importante  de  la  part  du  pilote 
dans  des  conditions  de  travail  rendues  de  plus  en  plus  difficiles  par  l’accroissement  des  moyens  de  dEferse  au  sol,  en 
nombre  et  en  performances,  qui  obligent  le  pilote  a  dercendre  de  plus  en  plus  bas,  a  des  vitesses  de  plus  en  plus  grandes. 

Comme  dans  le  cas  de  la  mission  Air-Air,  apres  ie  tir,  ie  pilote  rejoint  sa  base,  eventuellement  apres  un  ravitaillement 
en  vol  et  doit  etre  en  mesure  de  poser  son  avion  quelles  que  soient  les  conditions  meteorologiques  et  son  Et at  de  fatigue. 


4.  PRINCIPE  DE  BASE  DU  SY3TEME  D’ARMES  DU  MIRAGE  2000 

4.1  Architecture  Numeriquc 

Le  systeme  d'armes  du  Mirage  2000  est  evidemment  tres  complexe.  La  caracteristique  nouvelle  essentielle  est  la 
numerisation  du  systeme.  Elle  permet  d’assurer  tme  grande  capacitE  d’evolution  et  d’adaptation  aux  divers  composants. 

Cette  technologic  permet  de  relier  les  Equipements  par  une  liaison  banalisee,  le  DIGIBUS  (Fig  1 )  qui  comporte  une 
Iigne  de  procedure  et  une  ligne  de  donnees. 

Ces  ^changes  sent  giris  par  un  calculateur  principal  qui  est  double,  pour  une  fonction  de  gestion,  d’une  unite 
secondaire  de  gestion. 

Outre  le  calculateur  principal  et  1’unitE  secondaire  de  gestion,  les  Equipements  suivants  sont  relics  au  DIGIBUS: 
centrale  aerodynamique,  centrale  a  inertia,  poste  de  commande  navigation,  pilote  automatique,  radar  et  poste  de 
commande  radar,  interrogateur-dEcodeur  IFF,  boitier  gEnErateur  de  symboles,  poste  de  Election  d’armement,  boitiers 
avion  d’interface  missiles,  boitiers  contre-mesures. 

Sur  Ie  DIGIBUS,  en  plus  des  parametres,  sont  EchangEes  les  informations  concemant  le  bon  fonctionnement  des 
Equipements.  Les  unitEs  de  gestion  assurent  ainsi  une  surveillance  des  fonctions  du  Systeme  de  Navigation  et  d'Arme- 
ment  (SNA)  du  Mirage  2000. 

4.2  Visualisations  Cathodiques  ct  Comma  ndes  du  SystEme 

Le  Mirage  2000  Etant  monoplace  il  fallait  permettre  une  utilisation  simple  du  systeme  d'armes  en  mission  opera- 
tionnelle,  tout  particuliEremcnt  en  mission  de  defense  aErienne. 

11  a  done  Ete  necessaire  de  procEder  a  1’intEgration  des  visualisations  et  des  commandes  du  systeme.  Ainsi,  bien 
que  les  capacitEs  du  Mirage  2000  soient  beaucoup  plus  importantes  que  celles  de  tres  nombreux  chasseurs,  la  cabine 
pilote  (Fig.2)  tout  en  restant  assez  chargee,  est  comparable  a  cedes  de  ces  me.res  chasseurs  et  l’emploi  du  SNA  plus 
iogique  et  plus  aisE. 

L’ensemble  des  informations  de  pilotage,  de  navigation  et  de  conduite  de  tir  est  presente  sur  trois  visualisations 
cathodiques:  (Fig.3) 

-  une  tete  de  visEe  collimatEe 

-•  un  Ecran  tete  basse; 

-  un  Ecran  contre-mesures. 

Cet  ensemble  est  pilotE  par  un  boitier  gEnEuteur  de  SYMBOLES  (BGS)  qui  gEnEre  les  symboles  a  tracer,  en 
balayage  cavalier,  sur  les  trois  tubes  cathodiques,  tout  en  assurant  la  synchronisation  nEcessaire  avec  la  video  TV  qui 
parvient  directement  du  radar  a  l’Ecran  tete  basse. 

La  rEalisation  du  systeme  d’armes  a  permis  de  ne  prEsenter  au  cours  de  la  mission  que  les  informations  stnetement 
nEcessaires  a  chaque  phase  de  vol.  C’est  1'unitE  de  gestion  en  service  qui  assume  la  gestion  de  la  liste  des  informations 
a  prEsenter  a  partir  de  la  connaissancc  qu’elle  a 


-  de  l’Etat  des  postes  de  commande  (sElection  de  modes) 

-  de  1’Elat  des  fonctions  du  SNA  (Surveillance  des  fonctions  et  modes  dEgradEs). 


mm  * 
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La  conception  de  ^architecture  des  commandos  du  systeme  a  ete  faite  dans  le  but  de  simplifier  au  maximum  !a 
tache  du  pilote. 

La  commande  du  systeme  se  fait  par  selection  d’une  arme  (Canon,  Magic,  Super  530 . . . )  ou  d’un  mode  (navigation, 
approche,  rassemblement . . . ).  Cette  selection  ddclenche  automatiquement  la  designation  des  fonctions  d.s  divers 
dquipements  intervenant  dans  la  conduite  du  tir  ou  le  mode  correspondant. 

L’aasistance  au  pilote  peut-etre  encore  complfctee  par  la  preselection  automatique  de  sous-modes  selon  un  choi» 
prdfdrentiel  que  le  pilote  peut  modifier  s’il  le  desire. 

Le  pilote  dispose,  au  niveau  des  principals  commands,  du  compte  rendu  par  voyants  de  la  selection  effective  des 
fonctions  dans  itc  dqiupements.  Les  informations  cn  provenance  des  pnncipales  commands  sont  achemines  par  le 
DIGIBUS. 

Certains  font  simultanement  fobjet  de  liaisons  directs  pour  permettre  1’utilisation  de  modes  degrades.  Plusieuis 
de  oes  commandes  sont  multiplexes  et  ont  une  fonction  specilique  selon  la  phase  de  vol. 

Les  commands  “Systemes”  (Fig.3)  sont  separees  en  deux  groups: 

-  Is  commands  "temps  reef’; 

-  Is  postes  de  commands. 

Les  commandes  "temps  reel"  sont  regroupes  sur  la  manette  des  gar  et  la  poignee  pilote.  elles  comprennent,  en 
particular,  une  selection  d’arms,  Elies  permettent  au  pilote  le  pilotage  continu  de  l’avion  tout  en  assurant  ('utilisation 
du  systeme  d’armes. 

Sur  ia  nianetie  ds  gaz  (Fig.4)  sont  disposees  les  commands  suivanies: 

-  selection  d’aims  a  trois  positions,  canons.  Magic  ou  renvoi  au  poste  de  commande  arrnement  pour  Is  modes 
Navigation,  Police  du  ciel.  Super  530  et  les  fonctions  Air-Sol  une  seule  pression  sur  ce  basculeur  configure  le 
Viseur,  le  Radar  et  l’Armement  dans  le  cas  du  Canon  et  du  Magic: 

-  commande  marqueu;  radar: 

-  commande  d’accrochage  radar; 

-  commande  de  site  de  l’antenne  radar; 

-  une  commande  qui  a  une  fonction  engin  en  Air-Air  et  une  fonction  d’allegement  de  symbologie  en  approche. 
une  commande  d’interrogation  IFF  en  Air-Air  ei  de  selection  d’une  deuxieme  pression  de  freinage  pour  main.enir 
l’avion  au  sol  avec  le  moteur  en  plein  gaz  plus  Post-combustion. 

A  cs  commands  "Systemes”  il  faut  ajouter  d’ai'trs  commands  qui  sont  egalement  a  “temps  reel”: 

-  commande  aerofreir.s; 

-  phare  de  police; 

-  rdarmement  calculateur  moteur. 

Sur  la  poignee  pilote  (Fig.5)  on  trouve: 
u  esnons' 

-  la  commande  camera  de  visee: 

-  le  poussoir  de  tir  3ombs,  Roquetts,  Missils  (BRM); 

-  un  bouton  a  plusieurs  positions  qui  commande: 

-  le  decrochage  radar  ou  I’accrochage  missile  automatique  en  Air-Air, 

-  une  designation  d’objcctif  ou  le  passage  Navigation/Attaque  en  Air-Sol: 

-  une  command  d’accrochage/Ddcrochage  MAGIC; 

-  un  alternat  radio; 

-  une  gachette  de  connexion/deconnexion  de  pilote  automatique: 

-  une  palette  de  mise  hors  service  rapide  du  pilote  automatique: 

-  une  commande  contre-msures; 

-  une  commande  de  TRIM  (profondeur  et  gauchissement). 

Les  pos'es  de  commandes  relids  au  DIGIBUS  sont  les  suivants: 

-  Radar 

-  Arrnement 

-  Navigation. 


Bkn  que  d’ acccs  facile,  comme  le  montre  la  Figure  3,  as  posies  de  commandes  sont  utilises  pour  des  preselections 
au  cours  de  phases  de  vol  pendant  lesquelles  la  chajge  de  travail  du  pilote  est  moins  importante.  De  plus,  un  MIP  (Module 
d’Infonnations  Programmables)  introd «iit  dans  le  PCN  (Poste  de  Commande  de  Navigation)  pemiet  de  charger  rapide- 
ment  la  totality  du  plan  de  *.o!  de  l’av>on.  La  preparation  du  MIP  s’efiectue  au  soi  pendant  la  preparation  de  la  mission. 

4.3  Maintenance  Int^gnie 

Toute  la  surveillance  et  1’analyse  de  panne  d'un  tel  sys  vs  *.  ataat  plus  possible  par  le  pilote,  des  circuits  d’autotest 
ont  etc  incorpores  dans  Ses  equipements  numeriques  et  des  surveillances  internes  dans  les  equipements  ar>alogk,UK.  Seuis 
les  resultats  sont  communiques  au  pilote  pour  lui  indiquer  s*il  peut  ou  non  debuter  ou  poursuivre  sa  mission  dans  !es 
conditions  prevues. 

Ces  moyens  integres  pes  m-±t  et  re  utilises  pour  la  maintenance  au  sol  par 

-  ia  memorisation  en  vol  des  resultats  d’autotests  mauvais; 

-  le  traitement  logique  differ;  de  ces  memorisation.!  et  visualisations; 

-  *e  declenchement  de  sequences  particulieres  d’autotests. 


5.  FONCTIONS  El’  COMPOSANTS  PRINC1PAUX  DU  SYSTEME  D’ARMES  DU  MIRAGE  2000 

5.1  Pilotage 

Le  pilotage  de  1’avion  est  assure: 

-  soit  manuellement; 

-  soit  automatiquement  par  le  pilote  automatique. 

Les  informations  nccessaires  sont  elaborees  par  l’ensemble  aerodynamique.  la  centrale  a  inertie. 

Le  pilotage  manuel  ou  automatique  est  un  pilotage  en  trajectoire. 

5.1.1  Prison  tation  des  Parametres 

L’utilisation  des  tubes  cathodiques  a  permis  de  faire  du  VIStUR  VE  130  l’insirument  principal  de  pilotage.  On 
peut  en  effet  presenter  des  symbologies  completes  utilisant  les  concepts  modemes:  vecteur  vitesse,  pente  potentielle. 
piste  synthitique. 

En  plus  de  ces  parametres  les  informations  survantes  sont  visualises: 

-  horizon; 

-  cap  magnetique  synthetique  ou  cap  vrai; 

-  altitude  barometrique  et  radiosonde; 

-  vitesse  conventionnclle  et  Mach. 

L’horizon  et  le  cap  de  ia  centrale  a  inertie  sont  recopies  sur  un  indicateur  spherique.  Le  cap  gyromagnetique  ou 
vrai  est  egalement  visualise  sur  1’indicateur  de  navigation.  Les  autres  indicateurs  de  la  pianche  de  bord  sont  essentiefle- 
ment  des  instruments  de  secours: 

-  horizon  de  secours: 

-  anemomachmetre  pneumatique; 

-  variometre  pneumatique; 

-  compas  de  secours; 

auxquels  il  convient  d’ajouter  un  indicateur  d’incidence,  un  accelerometre  et  un  chronometrc. 

5.1.2  Pilote  Automatique 

Le  pilote  automatique  est  Faide  indispensable  du  pilote.  Sans  lui  i'utilisation  du  systeme  d'ames  ne  peut  ctrc  que 
partielb.  II  dispose  de  deux  modes  de  base: 

-  maintien  de  1’inclinaison  en  virage  si  celle-ci  est  superieure  a  10°  a  la  connexion,  ou  de  la  route  dans 
le  cas  centraire; 

-  maintien  de  la  pente  actuelle. 

A  fin  de  permettre  au  pilote  1’utUisation  du  pilote  automatique  pendant  les  phases  de  preparation  au  combat,  Sa 
modification  des  rffdrences  de  pente  ou  de  route  est  obtenue  i  partir  du  bouton  de  trim  de  profondeur  et  de  gauchisse- 
ment  sur  la  poignee  pilote.  Le  poste  de  commando  permet  la  mise  cn  service  ou  hors  service  du  pilote  automatique 
mas  une  palette,  integree  au  pied  de  la  potgnee  de  manche,  permet  h  mse  hors  service  rapide  par  le  pilote. 
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Les  modes  surdneurs  du  pflote  automatique  sont  actuellement:  capture  et  maintien  de  Faltitude  au  passage  «u 
d’une  altitude  prtisdiectde,  atterrissage  en  categoric  2  et  navigation  inertielle.  La  selection  de  ces  modes  se  fait  sur  le 
poste  de  ccmmande. 


5.2  Fonction  Navigation  et  Approcbe 

La  navigation  de  base  du  Mirage  2000  est  autonoms.  Elle  est  elaboree  a  partir  des  informations  foumies  par  le 
systeme  inertiel  qui  pem set: 

-  ia  navigation  vers  un  H  •  cfnche; 

-  la  navigation  suivant  une  route  affichee; 

-  1‘arrivee  sur  le  but  a  uie  heure  desiree  affichee. 

-  le  recalage  de  la  navigation. 

Les  informations  des  moyens  de  radionavigation  (VOR/1LS,  MARKER,  TACAh  }  sont  utilisees  dans  certaines 
phases  de  vol  ainsi  qu’en  navigation  secours. 

Les  informations  de  navigation  autonomies  sont  presentees: 

-  sur  le  poste  de  comm  and  e  navigation  (Fig.6) 

-  sur  1’indickteur  de  navigation; 

-  sur  la  tele  de  vis£e  en  mode  NAVIGATION  (Fig.7) 

-  sur  l’taan  multimodes  tete  basse  en  mode  NAVIGATION. 

L’approche  rst  realisee: 

En  mode  normal 

A  faide  d’informations  presentees  sur  la  tete  de  visit  apres  selection  du  mode  “approche”  par  le  pflote. 

Cette  visualisation  permet  d’effectuen 

-  lapproche a  vue 

-  Fapptoche  guidde  GCA; 

-  f  approche  avec  guidage  !LS  (Fig.8) 

-  le  controle  dc  l’approche  au  pflote  automatique  couple  a  FILS. 

Le  poste  de  corrmande  navigation  permet  dans  le  cas  de  Fapproche,  en  plus  des  informations  liees  a  la  navigation 

-  le  cap  vrai  de  la  piste: 

-  la  pente  d’approche  dfairee; 

-  la  pente  du  faisceau  glide. 

En  mode  secours 

A  l’aide  des  aiguilles  croisees  ce  Findicateur  sphenque  en  approche  1LS,  ce  qui  est  le  moyen  de  base  de  h  plupart 
des  avions  existants. 

En  mode  automatique 

A  Faide  du  pfloce  autematique  qui  est.  dans  ce  cas.  couple  a  cette  foncti?n.  Le  fonctionnement  est  aiore  contrdie 
par  le  pflote  a  partir  de  la  visualisation  tete  haute  ou  de  Findicateur  spheriuue  er.  cas  de  panne  de  cdie-ci. 

S3  Fonctions  Air-Air 

La  mission  de  Defense  atrfcnne  du  Mirage  2000  repose  sur  les  possibility  ruivantes: 

-  uitei  cep tion  guidee  par  le  sol.  Le  chasseur  re?oit  des  informations  sur  Fhostik  et  des  consign es  pour 
Fintercepter. 

-  interception  onentee.  le  chasseur  revolt  des  informations  moins  completes  et  conduit  luimeme  Finletception 
jusqu’a  Faccrochage  du  radar  de  tin 

-  interception  a  la  dfeouvene:  Le  chasseur  est  autonomc; 

-  combat 

-  police  du  del.  Le  chasseur  rassemhle  sur  un  avion  dddetd  non  identify  pvur  en  verifier  ridentifieation. 

Ces  missions  sont  realisees  avec  les  equipments  survants: 

-  le  radar; 

-  Finterrogateur  IFF: 

-  la  visualisation  tete  basse  (Fig.9); 

-  la  visualisation  tete  haute; 

-  les  moyens  radio. 
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Pour  rnener  a  bien  les  missions  Air-Air  1:  pilotc  a  a  sa  disposition  les  command es  suivantes: 

Commandes  "a  temps"  de  prisilection  et  de  preparation 

—  he  PCA  (Poste  de  Commande  Armement)  (FIg.10); 

—  Le  PPA  (Poste  de  Preparation  Armement)  (Fig.1 1 ); 

—  Le  PCR  (Poste  de  Commande  Radar)  (Fig.  12). 

Commandes  ‘  'temps  riel "  situies  sur: 

—  le  manche  pilote; 

—  la  manette  Jes  gaz. 


L’exicution  de  ces  missions  et  le  pilotage,  corune  pour  la  navigation  et  l’approche,  sonl  conduits  a  1'aide  des 
visualisations  tete  basse  et  tete  haute. 

Les  differentes  fonctions  Air-Air  sont  ie  resultat  d’une  selection,  par  le  pilote,  d’un  armement  On  peut  citer  les 
modes  suivants: 

—  mode  SUPER  530 

—  mode  MAGIC 

-  mode  Cano  s  AIR-AIR 

-  mode  Police  du  cieL 

A  chacune  de  ces  selections  correspond  une  figuration  viseur,  une  loi  de  navigation  adaptee  pour  amencr  1’avion 
dans  les  meiileurcs  conditions  pour  tin  tir  ou  pour  une  identification. 

5.4  Fonctions  Air-Sol 


Conformement  a  la  fiche  programme,  le  systeme  d’armes  du  Mirage  2000  permet  dkffectuer  des  missions  d’attaque 
Air-SoI  avcc  des  armements  cbssiques:  canons,  roquettes,  bombes  lisses  et  bonibes  freinees  non  nueleaires. 

Ces  missions  sont  secondaires  pour  le  Mirage  2030  de  Defense  aenenne.  Seul  le  tir  des  bombes  lisses  est  2utomatsque 
par  calcul  coutinu  du  point  de  largage  (CCPL). 

Pour  les  autres  armements  le  tir  est  manuel  mais  le  point  d’impact  calculi  en  permanence  par  !e  systeme  est 
presenle  daps  le  viseur  (CCPI). 

Deux  types  d'atuque  sont  privus  dans  la  conduite  de  tir  Air-Sol: 

-  I’attaoue  directe  concemant  tous  les  armements  oii  la  designs tion  se  fait  sur  I'objeclif: 

-  l’attaoue  avec  point  initial  ur.iquement  pour  les  bombes  lisses  et  les  bombes  freinies. 

La  designation  se  fait  sur  le  point  initiaL  Celle-ci  initialise  automatiquement  la  phase  prdtir  et  tir  et  presents  dans 
le  viseur  h  symbologie  nicessaire  au  pilotage  jusqu’a  I’instant  du  tir. 

Le  capteur  de  designation  est  le  Radar  en  fonction  telemetric  Air-Sol. 

Ces  deux  types  d’attaque  comportem: 

-  une  phase  de  navigation: 

-  une  phase  d’atuque. 

La  preparation  de  la  phase  d’atiaque  se  fait  pendant  la  navigation  a  1’aide  des  pos-’vs  de  commandes  armements  et 
Radar.  Le  pikite  peut  a  tout  moment  en  verifier  la  bonne  selection  et  I'etat  satisfabant  du  systeme. 

Le  passage  en  figuration  attaque  se  fait  a  Faide  d’une  commande  “a  temps  reel"  situec  sur  b  poignee  pilote. 

A  tout  moment,  avec  le  meme  bouton,  k  pilote  peut  avoir  cn  tete  haute  soit  la  symbologie  Attaque.  soil  la 
symbologie  Navigation  que  nous  avons  deja  presentee.  11  y  a  memorisation  de  la  preselection. 

Dans  ces  missions  k  systeme  inertiel  permet  b  Navigation  vers  k  but.  une  base  additionnelk  ou  point  initial 
iniroduit  dans  ie  systeme  avant  ou  pendant  k  vol. 

Ii  permet  egak.nent  k  rccabge  sur  un  point  dont  ks  coondonnees  sont  connues  et  permet  b  validation  d'un 
recabge  par  telemetrie  radar. 


Nous  verrons  ulterkurement  k  rck  du  Radar  dans  ks  missions  AIR-SOL 
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En  mode  attaque,  -  viseur  presente  differents  symboles  seJon  la  preselection  de  1'anne. 

On  peut  riter  les  reticules  suivants  en  plus  des  reticules  generaux:  horizon,  cap,  raoquette,  altitude,  vitesse/Mach, 
hautfr.  ...  uaateur  de  garde. 

En  bombes  lisses 

-  reticule  de  designation; 

-  reticule  annenjent; 

-  one  bane  de  designation. 

En  bomba  freinees 

-  tine  ligne  de  chute  des  bombes  avec  point  d’impact  de  la  demiere  bombt  de  la  salve: 

-  un  reticule  et  une  barre  de  designation  dans  !e  cas  du  tir  avec  point  initial 

En  canons  et  coquettes 

-  rfticuk  de  visee; 

-  domaine  de  tir: 

-  barre  de  securite; 

-  croix  de  degagemcnt. 

Les  commandes  (preparation  et  “temps  reel”)  sont  p rises  parmi  ctlks  des  fonctions  Air-Air  grace  au  multipkxage 
des  commandes. 

5.5  Le  Radar  et  son  R61e  dans  ks  Fonctions  NAVIGATION.  AIR-AJR  et  AIR-SOL 

5.5.1  Le  Radar 

Deux  radars  sent  prevus  pour  la  version  actndk,  un  troisieme  pour  la  verson  penetration  volera  dans  un  an 
environ.  Le  premier  Radar  credit  pour  equiper  les  Mirage  2090  est  fe  RD!  ( Radar  Doppler  a  impulsions)  qui  permet  en 
mtrsion  Air-Air  la  detection  et  la  poursuite  de  cables  a  Haute,  Moyenne  et  Basse  altir  ‘de.  Optimise  pour  ''interception 
a  toutes  altitude,  il  dispose  en  phis  des  modes  de  detection,  poursuite  et  guidege,  d’un  mode  de  visualisation  du  sol. 

Le  RD1  est  up  rclar  Doppler  a  haute  frequence  de  remiTence.  Travaflknt  en  bande  X,  il  utilise  une  anterme  plate  avec 
aerien  IFF  in.igre. 

Le  deuxieme  radar  propose  pour  le  Mirage  2000  est  le  RDM  (Radar  Dopp'cr  Multirole).  Le  RDM  reprend  la 
structure  generals  du  RDI;  Comme  le  RDI,  il  est  mcdulaire,  il  possede  un  emetteur  coherent,  il  est  organise  autour 
d’un  ilium  mat  cur  a  onde  continue. 

En  revanche,  il  est  equips  d'une  antenne  du  type  Cassegrain  inverse  et  il  permet,  avec  de  bonnes  performances, 
d’accomplir  des  missions  tres  varices,  interception  a  toutes  altitudes,  penetration  et  attaque  au  sol  ct  en  mer, 

Le  Poste  de  Commande  Radar  en  cabine  (PCR)  permet  la  commande  du  fonctioneement  du  radar,  assure  le 
cod  age  et  ia  miss  en  sene  des  informations  necessaires  cn  provenance  des  commandes  “temps  reel”  situees  sir  la 
manette  des  gaz  et  la  poigoee  de  manche. 

5.5.2  Fonctior'  do  Radar  en  Mission  AIR-AIR 
Le  Radar  assure: 

-  la  detection  en  recherche  des  echos  avions  design  es: 

-  la  poursuite  autotratique  du  but  qui  est  faite  soil  sur  informatior a  discontinues  (PS1D)  avec  recherche  d'iutrts 
rib  les,  soit  sur  informations  continues  (PS1C)  done  arec  asserrfasement  de  Pantenne  sur  la  ribk  designee, 

-  I'accrochage  automaUque  dans  1'axe; 

-  1’ illumination  du  but  pendant  le  tir  d’un  missile  Super  530. 

L’nterrogateur  IFF  integrt  au  RDI  permet  1'identifi cation  des  ribks.  detectees  par  le  radar  an  corns  de  I’mterroga- 
tion.  Celle -a  est  effect  ucc  a  la  demanae  du  pilote  par  une  commande  “en  temps  reel"  placee  sur  la  manette  des  gaz 

Dans  tore  les  modes  de  poursuite.  le  rcdar  delrvre  des  informations  sir  la  ribk  (direct,  jh.  distance,  vectcur  vitesse. 
vitesse  de  rapprochement  et  eventuellement  k  facteur  de  charge).  B  effeUue  des  cakuls  de  domaine  de  tir  et  de  kris  de 
navigation  optimises  pour  chaque  arrne  select  ionnee. 

L’acquisitior.  de  la  ribk  est  realtsee  a  i’aide  de  h  visualisation  tete  basse  qui  presentc  une  situation  sur  un  halayage 
du  type  B  ou  du  t>ve  PPL 
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En  plus  des  informations  sur  fe  but,  la  visualisation  tele  basse  prise  its  des  oon'igaee  pour  lc  chasseur:  Mach, 
altitude  a  prendre,  directeur  d’ordrts,  domains,  dfeymait . . .  {Fig.  f  Sr. 

Apies  faccrochage  radar,  1’interception  est  pouisuivk  a  l’aide  de  la  visualisation  tit  haute.  Elk  prfaente  en  ptee 

ucS  utfviuisuCTS  df  ntkstaggr 

-  des  informations  sur  la  dbk: 

cane  but,  vitesse  de  rapprochement,  altitude.  Mach,  distance; 

-  des  informations  sur  la  domaine  de  tir,  I’etat  de  i’annement; 

-  des  vakurs  de  consigner;  Mach,  altitude,  route. 

En  fonctio.o  combat  des  informations  pour  It  MAGIC  et  des  rttkuks  Iks  aux  canons; 

-  direction  moyenue  des  armes; 

-  ligne  de  trace urs  (CCLT)  (Calcul  Contisu  de  Sa  Ligne  dc  Traceurs); 

-  reticule  de  tin 

-  distance  nominaie  de  tir  et  domains. 

5.5.3  Fonctioas  du  Rads  en  Mission  AIR-SOL 

En  mission  Air-Sol  le  radar  est  normal eroent  utilise  dans,  trots  modes: 

-  Tilrmetrie  Air-SoL 

Dans  ce  mode  le  radar  mesurr  la  distance  oblique  Avion/Sol  selon  i*  axe  radicekctnque  de  1’antenne  du  radar 
positionre  par  le  systems  de  NAVIGATION  et  d’ATTAQUE  Cette  tiUemetrie  permet: 

-  le  recabge  de  position  en  navigation; 

-  le  designation  et  la  mesure  de  distance  en  phase  d’attar.ue. 

-  Visualisation  du  soL 

Dans  ce  mode  sp£tifique  de  la  navigation  la  visualisation  tete  basse  presente  au  pil&te  une  carte  des  echos  du  so? 

-  Decoupe  isoaltitude. 

Dans  ce  male,  utilisf  en  navigation  basse  altitude,  le  radar  visualise  les  echos  differemment  scion  leur 
situation  ea  hauteur  par  rapport  a  un  plan  sink  sous  1‘avion  (hauteur  de  garde)  afficht  par  le  pilote 


6.  CONCLUSION 

La  ficht  programme  du  Mirage  2000  etait  arabitkuse. 

Le  choix  de  la  forruuk  monoplace  dictee  par  k  costexte  econoraique  et  politique  de  la  France  a  conduit  a 
envisager  un  avion  particulereroent  etudif,  tant  sur  le  plan  structure,  inotorisation  et  command es  de  vol  que  sur  ceh«< 
du  systerae  d’armes. 

Une  telle  compkxite  du  systeme  rse  pouvait  etre  ettvisagee: 

-  sur  k  plan  technique,  que  par  ia  numerisation  des  equipements  et  l’utflisation  d’un  D1G1BUS  pour  en 
perroettre  k  dialogue; 

-  sur  k  plan  utiljsotion  par  un  seul  raembre  d’equgiage.  que  par  f  optimisation  d’une  integration  complete  des 
moyeas  de  visr^lisation  et  de  mise  en  oeuvre  qia  a  conduit  a  un  multipkxag;  de  ptusieurs  commandes. 

Un  problem e  reste  a  resoudre,  qui  n'est  pas  de  la  seuk  competence  des  techniaens.  c’est  celui  du  eomportex.ient 
du  pDote: 


-  en  temps  de  guerre:  fatigue  et  cspadte  de  recuperation: 

-  en  temps  de  paix  critere  de  reautement.  entrain ement.  controls . . . 

autant  tie  questions  que  dcivent  se  poser  ks  specialist  es  de  la  medecine  aetonautique. 
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Fig.7  Fonction  navigation  -  visualisations 
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TORNADO  -  AIRCREW  SYSTEMS 


Surgeon  Captain  E.?.  Beck  Royal  Navy 
RAF  Institute  of  Aviation  Medicine  Farahorough  Hants  Gl'I4  6S? 
UK 


INTRODUCTION 


The  operational  roles  of  Tornado  -  fonaerly  known  as  the  Multi-Role  Cushat  Aircraft  (HRCA)  -  have  been 
described  in  some  detail  in  the  previous  paper.  The  curb  illation  of  these  role*  it  a  single  aircraft  dic¬ 
tated  a  number  of  simultaneous  but  sometimes  contrasting  requirement!  to  be  addressed  in  the  design  of 
various  aircrew  systems  and  personal  equipment.  As  a  multi-national  project  between  the  UK,  Germany  and 
Italy  it  was  also  obviously  desirable  to  strive  for  commonality  and  to  avoid  a  proliferation  of  individual 
national  alternative  requirements . 

Tornado  has  been  fortunate  in  this  respect,  particularly  because  the  mer&ership  of  participating 
nations  has  remained  unchanged  since  the  time  vnen  the  requirements  were  finalised.  During  the  Pioject 
Definition  Phase  a  UK  Working  Party  was  set  up  which  considered  in  detail  all  aspects  of  the  aircrew  equip¬ 
ment  assembly  (AEA)  for  Tornado  including  the  cabin  environment,  the  escape  system,  personal  equipment  and 
associated  supply  systems,  and  survival  equipment.  Tbe  report  of  the  Working  Party  formed  the  basis  cf  dis¬ 
cussions  between  the  manufacturer  PAHAVIA,  RAKHA  (NATO  MRCA  Development  and  Production  Management  Agency) 
aad  UK  servj.ee  and  government  departments  and  it  was  adopted  as  a  statement  of  official  UK  policy  in  rela¬ 
tion  to  design,  development  and  production  in  these  areas.  Finally  the  proposals  made  in  the  report  were 
discussed  and  formally  accepted  by  the  tri-National  HAMMA  Cockpit  Coordination  Cojaaittee. 

The  concept  of  commonality  of  the  aircrew  systems  in  the  aircraft,  irrespective  of  their  national 
destination,  thus  was  established  from  the  outset.  This  agreement  had  the  further  advantage  that  it  allowed 
National  freedom  in  the  choice  cf  items  comprising  the  AEA  (ie  aircrew  flying  clothing  and  personal  equipment 
carried  on  the  man)  provided  that  it  was  compatible  with  the  interface  at  the  ejection  seat. 

Throughout  the  development  or  the  aircraft  the  coordination  of  saromedical  advice  has  been  the  responsi¬ 
bility  of  the  Royal  Air  Force  Institute  of  Aviation  Medicine  Which  has  also  been  responsible  for  demonstra¬ 
ting,  on  the  behalf  of  the  three  Nations,  the  satisfactory  integration  and  functional  compatibility  between 
the  man,  his  equipment,  the  ejection  seat  and  the  cockpit.  For  this  purpose  an  accurate  wooden  nock-up  of 
the  Tornado  cockpit  was  constructed  early  in  the  Project  Definition  Phase  aad  this  has  been  in  use  continu¬ 
ously  since  then  for  running  assessments  during  development  of  the  ejection  seat  and  items  of  the  AEA  et:. 
Finally,  earlier  this  year,  the  mcck-up  and  fully  representative  Type  10A  seat  were  used  for  a  trial  involv¬ 
ing  one  hundred  aircrew  who  ware  selected  to  span  the  anthropometric  range  of  aircrew  size.  The  purpose  of 
this  trial  was  to  validate  the  sire  mile  rad  integration  of  preprcductioa  standard  items  comprising  the 
various  AEA's,  to  identify  any  unforeseen  nan/ seat /cockpit  incompatibilities,  to  define  any  limitations  to 
be  imposed  on  the  aircrew  population  acceptable  for  Tornado  on  account  of  critical  anthropometric  dimensions 
and  to  refine  proposed  aircrew  drills  for  strapping-in,  emergency  ground  egress  etc. 

No  attempt  is  made  in  this  paper  to  consider  each  and  every  aircrew  system  in  detail,  instead  attention 
will  be  focussed  on  more  novel  systems  especially  where  useful  consent  can  be  made  from  experience  gained 
during  laboratory  assessments  or  from  flight  trials. 

COCKPIT  ANTHROPOMETRIC  REQUIHEKSHIS 

It  was  agreed  by  tbe  three  Nations  that  Tornado  should  accept  the  range  of  aircrew  from  the  3rd  tc  the 
99th  percentiles  relating  to  seven  anthropometric  variables  quoted  by  Samuel  a~A  Smith  in  1965  (1)  but  refer¬ 
ring  to  an  earlier  unpublished  survey  by  Moraat  in  1955.  later,  more  comprehensive  and  up-to-date  anthro¬ 
pometric  tables  became  available  with  the  publication  of  the  1970/1971  Survey  of  2000  RAF  Aircrew  (2). 
Comparison  of  the  tables  of  sitting  heights  shows  that  the  3rd  percentile  sitting  height  in  the  1955  survey 
is  equivalent  to  the  1st  percentile  in  the  1970/1971  Survey  (34.04  in,  864.7  os).  The  Type  10A  ejection 
seat  in  Tornado  is  installed  with  the  ejection*  gun  and  seat  rails  inclined  at  20°  back  from  the  vertical. 

In  addition  to  ±72  on  seat  pan  height  adjustment  about  the  seat  reference  point  to  accommodate  the  1st  - 
99th  percentiles  of  the  present  aircrew  population,  at  extra  34  ts  upward  travel  has  been  provided  in  order 
to  provide  optimum  forward  vision  for  an  instructor  pilot  when  the  seat  is  mounted  in  the  rear  cockpit  cf 
the  training  version  of  the  aircraft.  However,  because  the  seat  back  profile  rotates  tbe  occupant  forwards, 
so  that  he  is  sitting  at  approximately  12°  rather  than  20°  inclination,  the  effect  is  to  raise  the  level  of 
his  eyes  still  further.  Thus  the  full  34  sa  of  additional  upward  seat  pan  travel,  which  is  available  on  all 
seats,  is  not  strictly  necessary  and  provided  that  it  does  not  introduce  an  individual  limitation  for  reach, 
it  can  be  used  *o  accommodate  aircrew  who  are  even  shorter  than  the  1st  percentile  sitting  height.  With  the 
seat  pan  adjusted  to  tbe  fully  down  position  the  upper  limit  of  99  percentile  height  is  determined  by  the 
datum  line  for  viewing  the  Head-Up  Display  (Him) .  During  the  100  aircrew  trial  it  was  shown  that  when  the 
eyes  are  at  this  plane  there  is  still  approximately  ICO  cm  (3.9  in)  clearance  between  the  pilot's  helmet  and 
the  cockpit  canopy  end  that  this  clearance  is  not  materially  affected  (±5  rs)  by  the  type  of  helmet  worn  nor 
whether  the  helmet  visor  is  up  or  down.  Thus  if  the  BUD  can  be  satisfactorily  viewed  from  above  the  datum 
line  it  will  be  possible  tw  accommodate  aircrew  with  sitting  heights  greater  than  the  99th  percentile.  The 
rudder  pedals  are  provider!  with  190,5  at  (7.5  in)  adjustment  in  the  fore-and-aft  plane  and  their  position 
relative  to  the  seat  reference  point  takes  into  account  the  rearward  movement  of  the  seat  pan  as  its  posi¬ 
tion  is  adjusted  upwards.  When  adjusted  fully  forwards  total  rudder  pedal  movement  is  161.0  mm  (6.3  in), 
thin  is  'educed  to  144.0  mm  (5.7  iu)  when  adjusted  fully  rearwards. 

It  was  shown  during  the  trial  that  no  special  anthropometric  limitations  for  variables  such  as  buttcck- 
knee  length,  buttock-heel  length,  reach  etc  will  be  necessary  either  to  allow  the  full  range  of  cockpit 
activities  or  to  ensure  freedom  from  contact  with  cockpit  structures  during  ejection. 
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CABIN  P RES SUR IS AVIOn,  CONDITIONING  AND  COIgaiHICAIIOHS  SYSTEM 

The  cabin  pressurisation  schedule  adopted  for  Tornado  is  that  pressurisation  commences  at  5000  ft, 
between  5000  ft  and  40,000  ft  it  is  linearly  relr.ted  to  the  atmospheric  pressure  and  above  40, OCX"  ft  it  is 
maintained  at  a  differential  of  5.25  lb. in"'.  In  association  with  the  oxygen  system  (described  below)  this 
takes  into  account  the  various  factors  of  structural  strength  and  weight  penalty,  the  prevention  of  hypoxia, 
decompression  sickness  and  otitic  barotrauma  and  the  effects  of  rapid  decompression  discussed  by  Erasting  (3) 
in  support  of  this  schedule. 

The  design  of  the  cabin  conditioning  system  aims  to  provide  a  mean  cabin  air  temperature  (DB)  in  the 
vicinity  of  the  aircrew  such  that  thermal  comfort  will  be  achieved  by  maintaining  a  mean  skin  temperature  of 
33°C.  This  requires  the  cockpit  temperature  to  be  controllable  between  15°C  and  35°C  under  all  conditions. 
Particular  attention  has  been  paid  to  the  design  of  the  cabin  air  flow  distribution  system  which  distributes 
incoming  air  not  only  at  feet  and  waist  level  but,  more  importantly  for  comfort,  around  the  head  and  shoul¬ 
ders.  The  air  for  head  cooling  is  distributed  through  ducts  in  the  ejection  seat  head  box.  However,  cal¬ 
culations  by  Allen  (4)  of  the  total  cabin  heat  load,  available  air  flow  and  cabin  inlet  temperatures  indi¬ 
cate  that  there  conditions  will  not  be  fully  met  under  the  most  severe  combinations  of  altitude,  speed  and 
solar  radiation.  Heedless  to  say,  this  is  a  universal  problem  and  it  is  not  specific  to  Tornado  in  any  way. 
Improved  conditioning  would  almost  certainly  be  at  the  expense  of  a  degradation  in  engine  performance  and  an 
increase  in  the  present  cabin  noise  to  an  unacceptable  level.  While  it  is  anticipated  that  the  present 
system  in  Tornado  will  represent  a  genuine  improvement  over  previous  aircraft,  a  fall-back  option  employing 
a  personal  closed-circuit  liquid  conditioned  suit  system  (5)  has  been  rtintained.  Apart  from  requiring 
modest  electrical  power  this  system  is  independent  of  other  aircraft  systems  and  for  use  in  an  NBC  environ¬ 
ment  has  the  added  attraction  that  unlike  air  ventilated  systems  it  does  not  require  decontamination  of  the 
air  supply. 

The  aircraft  communications  system  has  been  designed  for  compatibility  with  both  high  and  low  impedance 
mic/tel  systems.  This  permits  considerable  latitude  in  the  freedom  of  National  choice  of  oxygen  masks  and 
protective  helmets.  However,  since  the  Tornado  Tri-national  Training  Establishment  will  almost  certainly 
operate  with  aircrew  'rearing  a  mix  of  national  helmets  with  different  impedances  (eg  UK  Hk  4  and  US  or 
French  helmets)  the  system  has  been  modified  so  that  it  will  accept  differences  in  impedance  between  the 
helmets  used  simultaneously  in  the  front  and  rear  cockpits. 

G-PROTECTION  SYSTEM 


G-protection  is  provided  by  the  use  of  aati-G  suits  inflated  with  engine  breed  air  via  a  C-aensitive 
valve.  Suitable  anti-G  suits,  which  have  a  nominal  3  litre  capacity  at  zero  gauge  pressure  and  10  litre 
capacity  at  5  lb. in-2  (34,5  kPo)  gauge,  include  the  UK  internally  worn  Mark  6  and  externally  worn  Mark  2 
and  the  US  CSU/3P  suits.  Connection  between  the  anti-G  suit  end  the  inflation  system  is  via  the  Personal 
Equipment  Connector  (PEC)  on  the  ejection  seat.  The  inflation  profile  provided  by  the  anti-G  valve  is 
identical  with  that  in  Hawk,  Jaguar  and  Lightning  having  a  cut-in  at  1.75-2.25  G  and  a  high  pressure  gra¬ 
dient  relating  suit  pressure  and  acceleration  such  that  suit  pressure  “  (1.25G-1)  lb. in"2.  Tire  disadvan¬ 
tage  of  this  schedule,  while  it  provides  good  protection  when  accelerator  is  sustained,  is  in  the  response 
to  transient  peaks  of  acceleration  above  the  threshold  level  which  some  aircrew  find  distracting.  Thus  for 
the  IDS  version  of  the  aircraft  an  alternative  profile  has  been  suggested  which  will  "smooth  out"  the  ini¬ 
tial  response  of  the  valve  to  +Gz.  This  modified  schedule  is  in  the  interest  of  aircrew  preference  and 
comfort  rather  than  necessity  sin-e  early  flight  experience  suggests  that  Tornado  is  notably  stable  and  free 
from  buffet  at  lev  level  and  high  speed. 

OXYGEN  SYSTEM 

With  the  introduction  of  the  Type  10  ejection  seat  the  opportunity  has  been  used  to  provide  additional 

facilities  by  mounting  the  oxygen  regulator  package  on  the  ejection  seat  in  conjunction  with  the  PEC  (6). 

In  Tornado  the  combined  oxygen  regulator-PEC  unit  is  mounted  on  the  left  hand  side  of  the  scat  pan  of  the 
Type  10A  seat  with  the  regulator  occupying  the  front  and  the  PiC  the  rear  portion  of  the  unit.  This  single 
unit  contains  those  components  in  the  system  which  have  the  greatest  probability  of  failure  and  it  im  be 
easily  removed  and  replaced  by  another  serviceable  unit  in  a  natter  of  minutes. 

Oxygen  Suppli.es 

The  main  oxygen  supply  is  carried  in  a  stabilised  10  litre  liquid  oxygen  (LOX)  converter  and  delivers 
gaa  to  the  regulator  at  70-80  lb. in-2  via  a  quick  release  6elf-s*aiing  coupling  on  the  PEC.  The  LOX  con¬ 
verter  cay  bt  charged  in  situ  or  may  be  easily  removed  and  replaced  by  a  full  one  for  rapid  turn  round  of 
the  aircraft.  The  emergency  oxygen  supply  is  stored  in  gaseous  fora  at  1800  lb. in"2  in  a  70  litre  cylinder 
on  the  rear  of  the  ejection  seat  and  delivers  gas  at  45  lb. in"2  via  a  reducing  valve  to  the  cocoon  port  with 
the  main  supply  at  the  PEC.  This  arrangement  of  differential  supply  pressure  ensures  that  if  both  the  main 

and  emergency  supplies  are  turned  on,  the  main  supply  will  be  used  in  preference.  The  emergency  oxygen 

supply  can  be  turned  on  by  means  of  a  manual  control  on  the  ejection  seat  pan  but  is  operated  automatically 
on  ejection.  A  pressure  gauge  indicating  the  contents  of  the  supply  cylinder  is  mounted  near  the  front  of 
the  seat  pan  where  it  is  sasiiy  viewed. 

Oxygen  Regulator  Assembly 


The  oxygen  regulator  assembly  cocqjrisea  two  demand  regulators,  one  providing  airmix  and  the  other  100Z 
oxygen,  which  share  a  single  inlet  port  and  a  single  outlet  port  connected  respectively  through  the  PEC  to 
the  oxygen  supply  and  the  aircrewman’s  oronasal  mask.  The  main  oxygen  supply  to  each  ejection  seat  is  con¬ 
trolled  by  a  simple  on/off  valve  placed  in  the  supply  line  upstres  cf  the  PEC  and  mounted  on  the  side  con¬ 
sole  of  the  cockpit.  The  airmix/lOOS  oxygen  rvitch  on  the  'jppsr  surface  of  the  regulator  assembly  operates 
by  diverting  the  oxygen  supply  to  one  regulator  or  the  other  so  that  only  one  may  be  in  use  at  a  tits.  The 
air  inlet  to  the  airmix  regulator  is  protected  by  a  valve  which  opens  only  when  there  is  an  adequate  oxygen 
supply  pressure  to  the  regulator.  Thus  when  100Z  oxygen  is  selected  the  supply  pressure  to  the  airmix  regu¬ 
lator  is  removed  and  the  air  inlet,  valve  closes.  When  airmix  is  selected  this  feature  also  provides  a 


5-3 


■  i 

i 


warning  Co  Che  aircrevscn  in  the  event  of  sain  supply  failure  since  he  would  experience  difficulty  in 
breathing  in. 


The  airaix  regulator  is  used  ae  the  primary  regulator  whilst  the  100Z  oxygen  regulator  is  uoraally  used 
only  in  the  event  of  failure  of  the  primary  regulator  or  when  100Z  oxygen  is  required  for  example  due  to 
cabin  contamination  by  toxic  fuses.  The  airaix  regulator  provides  oxygen  dilute!  with  air,  safety  pressure 
ct  cabin  altitudes  above  15,000  feet,  pressure  breathing  above  40,000  ft  and  incorporates  a  preaa-to-test 
facility.  The  100%  oxygen  regulator  provides  safety  pressure  from  ground  level  and  pressure  breathing  above 
40,000  ft.  The  regulators  are  designed  for  use  with  the  appropriate  Sstional  pressure  demand  oxygen  masks 
(Type  P8  (BAP)  and  HBU  5/P  (German  and  Italian  Air  Forces))  which  are  fitted  with  conventional  inlet  non¬ 
return  and  compensated  outlet  valves.  The  disadvantage  with  these  masks  of  an  excessive  rise  in  tie  resis¬ 
tance  to  expiration,  far  example  due  to  hose  pumping  on  head  movement,  has  been  overcame  by  the  ist  of  a 
regulator  dump  valve.  This  valve  is  fitted  between  the  outlet  port  of  the  regulator  and  the  cockpit  and 
uses  as  a  datum  the  pressure  in  the  reference  chamber  for  the  breathing  diaphragm  of  the  regulator  in  use. 

Emergency  Oxygen  Control 

By  means  of  a  mechanical  linkage,  operation  of  the  emergency  oxygen  control  automatically  selects  the 
1001  oxygen  regulator  as  well  as  turning  on  the  emergency  oxygen  supply.  If  the  main  supply  is  intact  oxygen 
will  continue  to  be  drawn  from  it  and  this  will  be  indicated  by  the  continued  operation  of  the  flow  indicator 
(“doll's  eye")  which  senses  the  main  supply  line  upstream  of  the  entry  of  the  emergency  oxygen  supply.  In 
addition  to  the  "doll's  eye"  referring  to  his  own  jxygen  system  each  crew  member  can  monitor  the  other  by 
means  of  a  repeater  "doll's  eye".  If  the  main  str  ,>ly  has  failed  there  will  be  no  interruption  to  supply 
which  will  now  be  drawn  from  the  emergency  cylinder.  This  will  be  indicated  by  a  cessation  of  flow  indica¬ 
tion  by  the  "doll's  eye"  and  a  steady  fall  in  the  contents  indicated  on  the  emergency  oxygen  cylinder  gauge. 
If  the  main  oxygen  supply  is  inadequate  a  low  pressure  switch  in  the  main  supply  **ne  will  operate  the  low 
pressure  oxygen  caption  on  the  Central  Warning  Panel.  If  desired,  the  primary  airaix  regulator  be 
reselected  after  operating  the  emergency  oxygen  control,  for  exaaple  to  determine  whether  it  is  still  per¬ 
forming  correctly.  However,  once  operated  it  is  not  possible  to  shut  off  the  emergency  oxygen  cylinder  in 
flight. 

These  arrangements  permit  a  simple  standard  drill  for  all  oxygen  system  malfunctions  utaely  to  check 
the  integrity  of  connections  and  operate  the  emergency  oxygen  control.  If  the  emergency  oxygen  supply 
remains  unused  the  3ortie  may  be  continued  at  altitude. 

ESCAPE  SYSTEM 


The  escape  system  is  based  on  the  MBA  Type  10A  rocket  motor  assisted  ejection  seat  and  provides  for 
safe  ejection  from  aero  knots  to  625  knots  (CAS)/2Mit,  from  aero  feet  to  50,000  ft  altitude  and  at  aircraft 
sink  rates  up  to  100  ft/sec.  The  system  incorporates  active  canopy  jettison  with  sequenced  comand  ejection 
of  loth  aircrew  at  the  command  of  either  or,  by  uelection,  the  navigator  cay  initiate  and  eject  only  himself. 

Cockpit  Canopy 


The  tandem  cockpit  of  Tornado  is  enclosed  by  a  single  "clam  shell"  opening  stretched  acrylic  trans¬ 
parency  whose  nominal  thickness  varies  from  9  cm  over  the  rear  cockpit  to  13  mm  over  the  front  cockpit.  The 
profile  of  the  forward  part  of  the  canopy  is  designed  ro  minimise  the  effectc  of  bird  strike.  a*netrstion 
nl:  this  thickness  by  an  ejectee  would  almost  certainly  result  in  severe  injury  and  therefore  rapid  ejection 
p:th  clearance  is  achieved  by  a  propellent  canopy  jettison  system  which  employs  HBA  rocket  satorn  on  er;b 
side  at  the  forward  end  of  the  canopy.  Canopy  jettison  is  not  compromised  by  the  unilateral  failure  o.  a 
rocket  motor.  Canopy  clearance  tine  is  most  critical  for  successful  ejection  under  low  forward  speed/low 
altitude  conditions,  more  particularly  since  in  sequenced  ejection  the  rear  seat  is  alwayc  ejected  first. 
Initiation  of  ejection  therefore  also  initiates  the  sequence  of  canopy  unlock  and  rocket  motor  firing  so 
that  the  rear  seat  leaves  the  aircraft  in  less  than  0.6  secs  and  the  front  seat  in  l.Q  secs  maximum.  In  the 
rare  event  that  the  canopy  unlock/rocket  jettiuen  system  should  fail,  the  first  covenant  of  each  seat  acti¬ 
vates  a  secondary  system  which  explosive*./  breaks  up  the  transparency  over  that  seat  by  means  o:t  Linear 
(hitting  Cord.  Collision  or  entanglement  between  front  and  rear  seats  is  minimised  by  the  use  of  divergent 
rocket  thrusts  applied  to  each  seat. 

Canopy  jettison  or  KDC  firing  alone,  ie  without  ejection,  can  be  initiated  from  within  either  cockpit 
•tnd  on  the  ground  KDC  firing  can  be  initiated  from  outside  the  cockpit.  On  the  ground  normal  esnopy  opening 
or  closing  can  be  initiated  from  either  cockpit  or  from  outside.  In  the  case  of  electrical  or  hydraulic 
failure  a  canopy  jack  release  can  be  operated  from  either  cockpit  whiib  then  allows  the  canopy  to  be  removed 
manually. 

HBA  Type  10A  Ejection  Seat 

Ey  comparison  with  earlier  series  of  MBA  seats  the  Type  10A  embodies  a  number  of  new  features  which  con- 
trioute  to  enhanced  performance  and  reliability,  simplicity  of  operation  and  aircrew  comfort.  In  conjunction 
with  the  aircrew  personal  and  survival  equipment  a  number  of  features  have  also  been  added  to  assist  the 
immediate  survival  of  aircrew  following  a  succesi.ful  ejection.  The  superficial  appearance  of  the  Type  10A 
seat  results  directly  from  the  need  for  rapid  esil  clean  parachute  deployment  at  low  altitudes  and  for  the 
maximum  protection  of  aircrew  from  injury  during  ejection  at  high  speeds.  These  changes  are  associated  with 
a  number  of  leas  obvious  but  technical  ciianges,  notably  the  replacement  of  some  mechanically  operated  systems 
by  cartridge/hot  gas  operated  ones  and  the  introduction  of  dual  system*  in  which  a  sequence  is  immediately 
resumed  if  the  primary  system  fails.  Thus  for  example,  in  the  event  of  a  time  release  failure  following 
ejection,  either  with  or  without  drogue  gun  failure,  the  single  operation  of  the  manual  separation  handle 
now  separates  the  occupant  frees  the  seat  and  deploys  the  main  parachute.  The  seat  has  a  single  firing 
hsndle  located  on  the  centre  front  of  the  seat  pan  and,  apart  from  servicing,  requires  only  a  single  safety 
pin  through  the  firing  handle. 
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Parachute  Head  Box.  The  min  parachute  and  duplex  drogue  syatea  are  contained  in  the  ejection  seat  head 
box  with  the  parachute  risers  -tinning  down  the  face  of  the  box  to  join  the  seat  counted  simplified  combined 
parachute  and  restraint  hames;:  (SCH).  The  face  of  bead  box  is  curved  to  accommodate  the  aircrew  helmet  and 
the  box  has  slab  sides  for  optimum  rearward  visibility.  The  sain  parachute  is  a  GQ/RFD  aeroconical  parachute 
provided  with  water  pockets  and  steering  lines.  This  parachute  coshines  the  necessary  rapid  opening  charac¬ 
teristics  with  sustained  deceleration  so  that  the  ejectee  is  not  exposed  to  unacceptably  high  snatch  leads. 
Recent  trials  have  shown  that  the  addition  of  water  pockets  does  not  compromise  parachute  performance  but 
terminates  the  duration  of  dragging  after  descent  onto  water  to  less  than  10  seconds. 

Back  Rest.  The  space  occupied  by  the  parachute  pack  in  earlier  ejection  seats  has  been  replaced  by  a  fixed 
rigid  back  rest  which  is  overlaid  by  the  soft  back  pad  attached  to  the  SCH.  The  back  rest  has  been  designed 
for  improved  comfort  using  anthropometric  data  from  the  2000  aircrew  survey  and  is  contoured  with  appropriate 
curvatures  in  both  vertical  and  horizontal  planes  to  accommodate  tfci  profile  of  the  seated  back. 

Personal  Survival  Pack  (PSP).  The  sitting  platform  is  formed  by  a  rigid  fibre  glass  PSP  which  fits  into  the 
seat  pan  bucket.  The  surface  is  contoured  to  complete  the  sitting  profile  with  the  back  rest  and  is  overlaid 
by  an  energy  absorbent  comfort  cushion.  The  PSP  contains  an  inflatable  life  raft  and  a  range  of  survival  aids 
and  incorporates  an  automatic  liferaft  inflation  device.  This  device  is  armed  through  »  static  line  at  can/ 
seat  separation  and  is  activated  by  water  Emersion.  After  ejection  the  PSP  cay  be  released  on  its  lowering 
line  by  the  operation  of  either  one  of  two  quick  release  fittings  at  the  side  of  the  seat. 

Simplified  Combined  Harness  (SCH).  The  seat  noun ted  combined  parachute  and  seat  restraint  harness  is  an 
improvement  and  simplification  over  earlier  combined  harnesses.  Each  shoulder  strap  has  only  one  adjustment 
buckle  and  the  Quick  Release  Fitting  (QRF)  is  borne  on  a  fixed  length  negative  G  strap  which  is  attached  to 
a  lock  on  the  front  of  the  seat  pan  but  is  separate  from  the  remainder  of  the  combined  harness.  The  free 
ends  of  the  seat  restraint  lap  straps  bear  C  ring u  through  which  the  leg  loops  pass  before  looping  over  the 
shoulder  harness  lugs  which  in  turn  are  then  engaged  into  the  QRF.  This  system  thus  only  employs  two  instead 
of  four  lugs  as  on  earlier  combined  harnesses.  A  criticism  of  narlier  harnesses  was  of  only  moderate 
restraint  for  forward  decelerations  and  of  relatively  poor  r.:straint  for  lateral  decelerations.  These 
features  were  due  to  the  point  of  attachment  of  the  shoulder  straps  being  relatively  low  down  and  to  a 
single  point  in  the  mid-line.  In  the  Type  10A  seat  the  shoulder  harness  is  attache!  to  either  end  of  a 
horizontal  yoke  incorporated  in  the  Power  Harness  Retraction  Unit  so  that  the  anchorages  each  side  are 
8  inches  apart.  With  the  harness  go-forward  lever  unlocked  this^unit  locks  if  the  seat  occupant  moves  for¬ 
ward  at  a  velocity  greater  than  0.3  metres  per  second  (1  ft.aec“*j .  -7n  ejection,  whether  self-initiated  or 

by  command  and  before  firing  of  the  primary  cartridge  in  the  ejection  gun,  the  Harness  Retraction  Unit  oper¬ 
ates  and  retracts  the  pilot  in  not  more  than  0.2  seconda. 

A  further  simplification  of  the  harness  on  the  Type  10  seat  is  that  no  manual  p-irachu  e  rip-cord  D  ring 
is  necessary  as  this  action  is  now  incorporated  in  the  function  of  the  sumual  override  system. 

Leg  Restraint  by stem 

The  leg  restraint  system  ic  conventional  except  that,  in  order  to  provide  optimum  leg  restraint  at  high 
ejection  speeds,  a  double  leg  garter  system  is  employed.  One  garter  is  worn  on  the  thigh  just  above  the  knee 
so  that  when  seated  the  garter  pendant  bangs  vertically  behind  the  knee.  The  lower  garter  is  worn  below  mid¬ 
calf  level  just  above  the  cuff  of  the  flying  boot.  Toe  leg  restraint  lines  are  used  uncrossed  and  are  routed 

from  behind  through  the  D  ring  on  the  pendant,  from  inboard  to  outboard  through  the  £  ring  on  the  back  of  the 

lower  garter  and  then  the  taper  plug  is  engaged  in  its  lock  on  the  front  cross  beam.  The  taper  plug  lock  is 

linked  to  the  PEC  so  that  removal  of  the  man  portion  of  the  PEC  auu.  oatically  unlocks  and  ejects  the  taper 

plug. 

Are  Restraint  System 

The  sre  restraint  system  on  the  Type  10A  seat  is  operated  by  movement  of  the  seat  on  similar  principles 
to  the  leg  restraint  line  system.  The  lover  end  of  each  line  is  attached  to  the  aircraft  floor  through  a 
shear  pin  and  afte-  passing  over  a  2:1  ratio  pulley  'ystem  is  routed  up  through  a  snubbing  unit  on  the  front 
cross  beam.  Above  the  snubbing  unit  a  further  900  rxa  (35. A  in)  of  line  terminates  in  a  single  female  portion 
manual  connector. 

The  system  is  used  in  conjunction  with  a  sleeved  lifapreserver  which  incorporate*  a  length  of  nylou  tape 
which  passes  from  one  wrist  up  the  front  of  the  arm,  round  the  shoulders  and  across  the  back,  and  then  down 
to  the  opposite  wrist.  The  tape  is  stitched  down  at  each  end  and  from  each  ahoulder  round  the  back.  From 
the  front  of  the  shoulder  to  the  wrist  the  tape  is  no"  stitched  but  is  held  in  position  by  an  underlying 
strip  of  "Velcro”.  The  female  connector  on  each  arm  restraint  line  is  mated  to  a  male  connector  normally 
positioned  on  the  i,"ont  of  the  shoulder  but  which,  given  sufficient  force  to  break  the  "Velcro"  closure,  is 
free  to  run  down  the  cape  to  the  wrist.  During  routine  use  the  connection  is  made  when  strapping  in  to  the 
seat  and  the  line  between  the  connector  and  the  snubbing  unit  tucked  unobtrusively  behind  the  shoulder  har¬ 
ness  straps  and  round  the  sides  of  the  QRF.  Any  remaining  excess  is  then  tucked  behind  the  thigh  strap  com¬ 
fort  pad  so  tnat  it  can  pass  to  t,;e  snubbing  unit  without  interfering  with  access  to  the  firing  handle. 

Tbove  the  QRF  the  line  ie  retained  is  position  by  Velcro  t3bs,  below  rh;  ORF  it  ,*  held  back  clear  of  the 
tiring  handle  by  a  press-studded  loop  on  the  forward  face  of  the  PSP. 

During  ejection,  retraction  of  the  lines  due  to  seat  movement  brings  the  male  connectors  down  each  tape 
on  the  lifepreserver  sleeves  to  retract  and  prevent  flailing  of  the  arms.  If  the  hands  ate  in  a  central 
position  or  co  the  firing  handle  itself  they  are  brought  into  or  held  in  this  position.  If  an  arm  is  to  on- 
side,  as  might  occur  in  a  commanded  ejection,  the  arm  is  brought  to  the  side  of  the  seat  ar.j  held  there,  in 
order  to  prevent  the  hands  being  drawn  right  down  onto  the  snubbing  unit  a  ball  is  enclosed  iu  the  tape, 

190  am  (7J  in)  from  the  connector.  This  bill  will  cot  past  through  the  sntbhing  unit  and  190  m  is  the 
amount  of  slack  required  to  be  able  to  pats  the  hand  across  the  right  thigh  esse  it  is  necessary  to  oper¬ 
ate  the  Manuel  Release  Handle,  .formally  however  Che  arm  restraint  lines  are  severed  by  a  gas  operated 
guillotine  in  the  snubber  unit  which  operates  at  msn/seet  separation.  The  purpose  of  the  tnpe  passing 
round  the  shoulders  and  back  is  to  provide  .ountcr-rest  ainr  and  it  has  beer,  shown  experimentally  that  the 
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reaction  during  the  application  of  arc  restraint  does  not  cause  significant  head  whip.  The  application  of 
the  am  retracting  forces  occupies  approximately  100  msec.  Extensive  simulation  in  the  laboratory  using  a 
range  of  subjects  has  demonstrated  that  apart  froa  occasional  mild  bruising  no  physical  damage  is  caused  to 
the  subject  and  that,  provided  the  lover  licit  of  travel  of  the  connector  cn  the  sleeve  tape  is  between  the 
radial  stylcid  and  the  mid-forearm,  effective  arc  retraction  and  restraint  is  achieved.  Satisfactory 
restraint  has  been  confirmed  on  dummies  during  ejections  up  to  625  kts  in  the  ejection  seat  teat  firing 
programme. 

PSP  Lanyard  Sticker  Clip.  Hie  connection  between  the  PSP/liferaft  lowering  line  and  the  PS?  lanyard  on 
the  aircrew  lifepreserver  is  not  made  directly  but  through  an  arrowhead  connector  which  engages  into  a 
sticker  clip  on  the  left  side  of  the  seat  pan.  Thus  at  can/seat  separation  the  arrowhead  holds  in  the 
sticker  clip  until  the  separation  force  exceeds  40-60  lbs. ft  when  it  separates  from  the  clip.  This  initial 
holding  action  puts  tension  cn  the  lifepreserver  PSP  lanyard  and  extends  a  tuck,  in  the  lanyard.  A  cord  is 
attached  between  this  tuck  sod  the  Personal  Locator  Beacon  (PLB)  and  when  pulled  the  cord  automatically 
initiates  PLB  transmission. 

Personal  Equipment  Connector  (PEC) 

All  personal  services  to  the  can  (low  or  neaiua  pressure  oxygen  supply,  anti-C  suit  inflation,  helmet 
ventilation  and  R/T  connection)  are  cade  through  the  PEC.  The  PEC  comprises  three  portions  namely  aircraft, 
seat  and  man  portions  with  the  seat  portion  mounted  on  the  left  side  of  the  scat  pan  and  the  detachable  air¬ 
craft  and  san  portions  connected  respectively  to  its  lower  and  upper  faces.  All  services  except  emergency 
and  low  pressure  oxygen  are  supplied  to  the  seat  portion  through  the  aircraft  portion,  the  emergency  oxygen 
supply  is  connected  directly  into  the  seat  portion  and  low  pressure  oxygen  is  supplied  to  the  seat  portion 
from  the  oxygen  regulator.  The  necessary  outlet  supplies  are  determined  by  the  choice  of  PEC  mar.  portion. 
Thus  in  the  standard  can  portion  the  high  pressure  oxygen  and  helmet  ventilation  ports  remain  blanked  off 
and  in  the  KSC  version  the  high  pressure  oxygen  and  helmet  ventilation  ports  are  opened  and  the  low  pressure 
oxygen  port  blanked  off.  National  differences,  for  example  of  anti-G  suit  hose  connections,  are  accommodated 
downstream  on  the  ends  cf  hoses  etc  and  thus  do  not  affect  design  of  the  PEC  man  portion  sole  plate. 

When  the  ejection  seat  is  mounted  in  the  aircraft,  the  aircraft  portion  is  latched  on  to  the  seat  por¬ 
tion  to  cake  connection  with  the  various  services.  The  handle  of  the  aircraft  portion  is  attached  to  the 
floor  of  the  cockpit  by  a  static  line  which  disconnects  it  from  the  seat  portion  as  the  seat  roves  upwards 
during  ejection.  The  man  portion  is  similarly  latched  on  or  unlocked  manually  by  the  aircrew  member  as  he 
boards  or  leaves  the  aircraft,  however  the  locking  latch  for  the  man  portion  subserves  two  important  func¬ 
tions.  Firstly,  during  routine  use  operation  of  this  latch  releases  the  locks  on  the  leg  restraint  line 
taper  plugs.  Secondly,  at  can/seat  separation  during  ejection  the  latch  automatically  unlocks  and  -eleasea 
the  man  portion  cf  the  PEC.  In  order  to  protect  the  integrity  of  vital  supplies  following  ejection  various 
self-sealing  valves  are  provided  in  the  PEC.  Khen  an  ejection  seat  is  unoccupied  the  PEC  man  portion  is 
replaced  by  a  blank  sole  plate  whimh  acts  as  a  self  sealing  dust  cover. 

STRAPPING- Hi  ASP  EGRESS  DRILLS 


The  strapping-in  ard  egress  drills  for  Tornado  are  straightforward.  The  order  in  which  actions  are 
carried  out  is  designed  to  minimise  the  possibility  of  incorrect  routing  of  hoses,  lanyards  etc  when 
strapping-in  and  for  a  clean  separation  when  vacating  the  seat  and  cockpit.  Although  the  method  of  choice 
for  a  serious  emergency  on  the  ground  would  be  ejection  there  will  be  occasions  when  ejection  is  not  pos¬ 
sible.  One  advantage  of  the  routine  egress  drill  is  that  the  identical  drill  is  used  in  an  emergency 
ground  egress  so  that  aircrew  are  in  constant  practice  and  do  not  have  to  memorise  a  special  emergency  drill. 


Aircrew  will  normally  go  to  the  aircraft  wearing  leg  restraint  garters  and  with  PEC  attached  to  their 
personal  hoses  etc.  The  essentials  of  the  strapping  drill  are  as  follows: 

1.  Remove  dust  cover  and  connect  PEC  to  sent  portion. 

2.  Route  leg  restraint  lines  and  engage  taper  plugs. 

3.  Scrap  into  SCR  routing  personal  supply  hoses  from  PEC  underneath  the  left  harness  lap  strap. 

4.  Connect  and  stow  arm  restraint  lines. 

5.  Connect  PSP  lanyard  to  sticker  clip  arrowhead  routing  the  lanyard  outside  the  harness  lap 
strap  and  PEC  supply  hoses. 


The  logic  of  this  drill  is  simple,  for  example  if  the  leg  restraint  lines  are  engaged  before  the  PEC  is 
connected  the  taper  plugs  will  be  unlocked  and  releaaed  when  subsequent  engagement  of  the  PEC  depresses  its 
locking  latch.  Similarly  if  the  PSP  lanyard  is  connected  first  it  will  almost  invariably  be  routed  under¬ 
neath  the  lap  strap  and  hoses. 


The  egress  drill  is  equally  simple  and  consists  of  four  actions: 


1.  Disconnect  arm  restraint  lines. 

2.  Disconnect  PSP  lanyard. 

3.  Disconnect  PEC. 

4.  Operate  harness  QRF. 


Again  the  logic  ia  simple.  If  the  harness  is  released  before  the  arm  restraint  lines  c:  the  PSP  lanyard 
they  tend  to  be  overlaid  by  the  harness  and  are  more  difficult  to  locate  and  release,  especially  in  the  dark. 
So  special  action  is  required  for  the  leg  restraint  lines  which  are  released  by  disconnection  of  the  PEC. 

A  total  of  over  a  thousand  simulated  emergency  egresses  have  been  carried  out  during  the  100  aircrew 
trial  and  from  an  actual  aircraft  cockpit.  Mean  epress  time  to  vacate  either  cockpit  uas  10-13  seconds 
although  it  can  be  done  in  as  little  as  S  seconds.  Because  of  the  angle  of  the  canopy  at  the  rear  cockpit. 


] 


egress  from  this  cockpit  takes  about  one  second  longi.t  than  frees  the  front  cockpit.  Similarly  wearing 
bulky  winter  clothing  assemblies  uddt  about  one  accord  c.mpared  with  lightweight  nwr  assemblies. 

By  comparison  with  similar  egress  trials  on  other  aircraft  these  times  compare  as  well  or  even  better 
despite  the  additional  actions  introduced  by  the  arm  restraint  system.  Initially  it  had  been  suggested  that 
the  need  to  locate  and  disconnect  the  arm  restraint  connecters  would  cause  inordinate  delays  in  a  rapid 
egress.  However,  from  an  analysis  of  43  egresses  in  which  sp' - t  rises  were  taken  the  mean  tine  to  discon¬ 
nect  both  arm  connecters  was  only  3.1  seconds. 

All  but  approximately  3Z  of  egresses  were  'dean'  and  withot  t  interruption.  The  only  occasions  on 
which  rapid  egress  was  effectively  prevented  was  due  to  entangles eat  of  the  leg  restraint  lines  due  to 
incorrect  routing.  Included  in  the  3Z  were  occasions  La  which  release  was  hesitant  due  to  a  temporary  snag 
which  then  cleared,  usually  by  mcmescarily  easing  the  tension  on  rhe  offending  parts,  thus  provided  tfcj- 
strapping-in  procedures  are  done  correctly  it  is  considered  that  he  probability  of  a  serious  entanglement 
is  remote  but  that  in  a  situation  where  straps  and  connectors  etc  are  flying  about  aircrew  should  be  aware 
that  random  and  unpredictable  entanglements  say  occur. 

AIRCREW  EQUIPKENT  ASSEK3LIZS  (AEA) 

the  agreed  tri-Hational  policy  is  that  the  personal  equipment  in  Tornado  should  be  National  fit.  In 
practice  all  three  Katinas  have  relied  upon  the  use  of  their  standard  items  of  AEA  and  have  introduced 
specie!  Items  only  where  they  are  essential. 

Protective  Gelmet  and  Oxygen  Mask 

the  special  feature  of  the  protective  helmet  and  oxygen  cask  is  that  they  should  be  suitable  for  ejec¬ 
tion  st  speeds  up  to  625  kts.  This  requires  adequate  helmet  strength  to  withstand  impact  against  the  para¬ 
chute  head  box  and  a  sufficiently  robust  oxygen  sask  and  helmet/saik  suspension  system.  Initially  it  was 
considered  that  an  automatic  visor  lowering  system  would  be  required,  however  during  development  of  the  Me  4 
helac*'  it  was  demonstrated  that  this  was  not  essential  to  ensure  retention  of  the  helmet  and  mask  provided 
s  close  fitting  visor  was  used  and  the  helmet  chin  strap  and  sask  suspension  system  were  reliable.  Toe  UK 
intend  therefore  to  use  the  ?8  oxygen  mask  (which  has  an  improved  "bicycle  chain”  harness)  with  the  Kk  3c 
end  lster  the  Kk  4  protective  helmets.  Both  helmets  incorporate  a  manually  operated  lowering  system  with 
two  polycarbonate  visors,  a  close  fitting  inner  clesr  visor  and  an  outer  tinted  visor.  The  primary  purpose 
of  the  clear  visor  is  for  protection  against  the  effects  of  bird  strike  and  it  will  be  lowered  when  there  is 
also  a  risk  of  high  speed  ejection. 

Lifepreserver 


Aoart  from  the  addition  of  sleevea  as  an  integral  part  of  the  arm  restraint  system,  the  lifepreservers 
are  required  to  provide  automatic  inflation  upon  water  entry,  to  be  compatible  with  the  system  for  autcrvatic 
activation  of  the  PL3  and  to  be  "blast  proof"  ie  withstand  ejection  at  625  kts.  They  must  of  course  still 
also  meet  the  conventional  standards  for  buoyancy,  flotation  angle,  self  righting  properties  etc  and  cake 
provision  for  the  carriage  of  some  survival  aids.  In  addition  they  provide  a  method  of  securing  the  upper 
end  of  the  PEC  oxygen  hose. 

The  UK  lifepre^erver  will  be  the  BASE  Kk  18  while  the  German  and  Italian  Air  Forces  will  use  the  Secunai 
105LA.  Both  are  available  in  two  sizes  based  on  chest  girth  so  that  aircrew  with  a  chest  girth  in  excess  of 
approximately  1070  an,  42  in  (95th  percentile)  require  the  larger  sirs.  At  present  each  site  has  cue  stan¬ 
dard  sleeve  length.  Although  they  differ  in  detail,  for  example  the  Kk  18  employ*  only  a  single  inflation 
stole  whereas  the  Secumar  103LA  has  two,  only  one  of  which  inflates  automatically,  the  principle  of  a  blest 
proof  stole  which  opens  automatically  is  achieved  along  similar  lines.  The  inflation  stole(s)  is  contained 
in  a  horseshoe  pouch  wound  the  neck  which  is  closed  by  a  zip  fastener.  On  the  .’i  18  lifepreserver  this  zip 
is  interrupted  at  the  back  of  the  neck  cad  the  ends  held  together  by  keepers.  When  the  stole  begins  to 
inflate  within  the  pouch  the  keepers  arc  forced  off  and  the  tip  splits  open  to  release  the  stole  fros  within 
the  pouch.  On  the  Secumsr  10SLA  a  special  clip  on  the  zip  near  the  extremity  of  the  right  lobe  of  the  stole 
performs  the  same  function.  This  system  has  been  shown  daring  ejection  tests  to  be  reliably  blast  proof  acd 
provided  an  adequate  gas  inflation  charge  is  used,  to  open  automatically  upon  inflation  of  the  stole.  I >th 
lifepreservers  employ  mechanical  auto-inflation  systems  based  or.  the  dissolution  of  a  soluble  plug  or  pill 
on  entry  into  water.  The  gas  inflation  systems  of  both  lifeprestrvers  may  also  be  operated  manually  by  mean* 
of  a  blast  proof  firing  handle.  At  present  both  lifeprezervers  ere  produced  with  a  single  sleeve  length  for 
esch  size.  However  experience  during  the  100  aircrew  trial  shoved  that  although  the  criteria  for  achieving 
arm  restraint  could  be  met  the  qualicy  of  fit  was  not  clvayx  satisfactory.  This  is  not  unexpected  since  one 
sleeve  length  is  being  made  to  a eeosodite  the  full  range  of  arm  lengths.  Thus  when  a  r,rl»'  ively  Jong  arm 
is  accosaodrted  in  this  sleeve  upward  reach  may  be  limited  and  there  may  be  separation  between  the  er'f  of 
the  sleeve  and  the  cuff  of  the  flying  glove.  It  hsji  been  recommended  therefore  that  production  lifepreservers 
should  have  three  alternative  sleeve  length*.  By  selecting  the  intermediate  length  ileevc  so  that  it  caters 
for  the  majority  around  Che  peak  of  the  distribution  curve  for  arm  length,  it  thou  Id  l-c  possible  to  retain  a 
common  "popular"  site  with  c  minimum  requirement  for  the  two  extreme*.  The  sleeves  and  becks  of  both  patterns 
of  lifepreserver  arc  manufactured  in  an  open  mesh  mterial  is  order  to  minimise  the  heat  load  imposed  by  the 
garment*.  In  both,  the  personal  locator  beacon  is  lasted  in  a  pocket  on  the  left  side  of  Che  waistcoat,  the 
pocket  is  adjacent  to  the  PS?  laayerd  in  order  to  allow  connection  with  tha  auto-arming  cord  attached  to  the 
tuck  on  the  lanyard.  Pres  the  PL3  situated  in  its  pocket  a  connecting  cable  leads  to  the  aerial  assembly 
which  is  pre-sited  and  stowed  within  tha  lifepreserrer  stole  cover.  The  aerial  erects  automatically  upon 
inflation  of  the  lifepreserver  stole.  The  Kk  18  lifepreserver  uses  the  ?j£  PLS  and  auto-xerial  assembly, 
the  Secumsr  uses  the  I tCKES  Emergency  Transceiver  K\  506  and  SVA  2  antenna.  Both  patters*  of  lifeprcaerver 
thus  provide  both  automatic  activation  of  PL3  transmission  following  san/sea:  separation  after  ejection  and 
eutomatic  inflation  of  the  lifepreserver  stole  upon  water  et.tr/. 
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Aircrew  Coveralls 

Because  the  utte  of  double  leg  restraint  garters  reads  to  limit  the  full  use  of  pockets  provided  on  the 
legs  of  various  external  garments,  the  UK  range  of  gaiaeats  incorporates  garter  tunnels  which  run  beneath 
the  thign  and  lover  leg  pockets.  The  location  and  width  of  these  tunnels  is  critical  both  for  ease  of  use 

and  for  the  achievement  of  proper  leg  rest. jint  and  ia  complicated  by  the  fact  that  the  aircrew  population 

oust  be  aceesssodated  in  ranges  of  clothing  with  a  limited  number  of  sizes.  The  Me  2  external  snti-G  suit 
is  provided  in  snail,  medium,  large  and  extra  targe  sizes  and  while  there  are  girth  adjustments  the  leg 

lengths  are  fixed  for  each  size.  The  }fe  10  .  asersion  coverall  and  the  lit  15  flying  coverall  (under  develop¬ 

ment  for  Tornado  and  manufactured  in  flame  retardant  Hosex  material)  are  available  in  9  sizes  and  the  two 
piece  Cold  Weather  Flying  Suit  Harx  3  in  8  sizes.  It  was  established  during  the  100  aircrew  trial  that 
with  tunnels  approximately  twice  the  width  of  the  garter  the  criteria  for  both  correct  positioning  and  ease 
of  use  can  be  net  satisfactorily  on  all  garments.  .Apart  from  the  provision  of  garter  tunnels  the  immersion 
coveralls,  which  are  manufactured  from  a  ventile  material,  incorporate  a  fabric  collar  which  covers  the 
rubser  neck  seal.  This  has  been  found  necessary  to  prevent  tearing  of  the  neck  seal  during  test  ejections 
at  high  speeds. 

COSCLUSIOHS 

The  ail  round  performance  of  Tornado  placed  a  number  of  new  demands  upon  the  aircrew  systems  and  per¬ 
sonal  equipment  for  rhe  aircraft.  In  particular  there  was  a  danger  that  the  efforta  to  meet  the  require¬ 
ments  for  safe  escape  by  ejection  at  the  extremes  of  speed  and  altitude  and  for  the  post-ejection  aids  to 
survival  could  result  in  such  complexity  and  encumbrance  that  the  ability  to  carry  out  routine  .isles,  com¬ 
fort  etc  would  be  compromised.  From  she  outset  continuous  assessment ,  either  in  the  field  or  using  a  repre¬ 
sentative  cockpit  mock-up  and  ejection  seat  In  the  laboratory,  has  kept  pace  vitn  design  and  development  and 
thus  avoided  the  c-eation  and  perpetuation  of  unrecognised  interactions  and  incompatibilities.  In  particular 
the  trial  involving  100  aircrew  hat  demonstrated  th-_  .tcceptability  and  compatibility  of  definitive  items  end 
systems.  Thus  while  the  final  judgement  must  swift  introduction  of  the  aircraft  into  Squadron  service  it  is 
considered  that  the  aircrew  systems  and  personal  equipment  represent  a  significant  advance  over  previous 
systems  with  little  or  no  cost  to  aircrew  comfort  and  convenience.  Indeed  this  opinion  has  been  confirmed 
by  flight  test  experience  to  date. 
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ABSTRACT 

When  cospared  to  fighter  aircraft  used  in  past  conflict*,  today's  fighter,  as  typi¬ 
fied  by  the  F-16,  represents  a  greatly  enhanced  level  of  performance  as  a  counter  air 
weapon  systea.  The  increase  in  perforsance  has  been  accompanied  b>  a  corresponding  i s- 
crease  in  pilot  workload.  Systea  develcpaent  Bust  stress  the  pilot  represents  during 
the  conceptual  and  design  chase.  Several  features  of  the  F-16  sissile  fire  control 
aodes  do  in  fact  reflect  this  requirement.  In  addition,  however,  the  questions  of  what 
kind,  how  such,  and  in  what  foraat  information  should  be  made  available  to  the  pilot 
Bust  be  answered. 

The  Air  Force  Avionics  Laboratory,  Rr conna* ssance  and  Weapon  Delivery  Division's 
HISYAL  {Missile  Launch  Envelope)  Progras  was  established  to  address  the  sissile  fire 
control  issues  associated  with  the  new  generation  of  fighter  aircraft  and  tactical  air- 
to-air  nissiles.  During  the  MISVAL  Prograc,  a  new  sissile  launch  envelope  (MLE)  display 
concept  (pilot  cue),  the  Hissile  Intercept  Confidence  Factor  {MICE),  was  developed  by 
Dr.  Charles  C.  Scott  of  General  Dynasics/Fort  Worth  Division.  The  MICF  concept  greatly 
enhances  the  pilot's  sissile  launch  perforsance,  particularly  against  a  saneuvering 
target.  The  MICF  provides  the  pilot  his  position  relative  to  the  MLE  saxisus,  no¬ 
escape,  and  cinisus  launch  ranges.  The  MICF,  its  developaent  process,  and  the  potential 
impact  on  aircrew  perforsance  and  training  are  the  subjects  of  this  paper. 

BACKGROUND 

Since  the  South  East  Asia  Conflict,  the  developaent  of  new  aircraft,  new  sensors, 
and  new  on-board  processing  capabilities  have  greatly  enhanced  tactical  fighter  aircraft 
systess.  The  F-16.  F-15  and  F-14  represent  a  new,  greatly  enhanced  level  of  maneuver¬ 
ability  in  air-to-air  ccnbat.  The  transition  to  digital  processing  in  the  central  and 
radar  computers  of  these  systess  have  greatly  enhanced  their  capability  of  target  detec¬ 
tion  <mm?  target  track.  The  enhanced  data  processing  .v^tees  have  provided  an  in-flight 
ir.foraat^an  generating  systec  never  before  possible.  Tinaily,  the  continued  development 
of  the  Sidewinder  {AiH-9),  Sparrow  (AIfc-7),  and  Phoenix  (AIK-54)  aissile  systems  have 
greatly  enhanced  the  lethality  of  tactical  aircraft  as  counter  air  weapon  system.  The 
recently  concluded  AIKVAL/ACEVAL  Study  dracatized  the  lethality  of  the  current  and  pro¬ 
jected  air-to-air  arena. 

The  increase  in  cosputation  capability  provided  by  on-board  digital  copputers  has 
led  to  a  corresponding  increase  in  the  inforaation  available  to  the  fighter  pilot.  In 
sar.y  instances  the  asaur.t  of  inforaation  CAceeds  the  pilot's  ability  to  observe  and 
assimilate  it.  This  is  particularly  true  in  the  lir  cosbat  saneuvering  (ACM)  environ- 
eent.  In  aissile  fire  control,  the  relationship  of  display  requirements  to  a  sissile 
launch  envelope  algoritha  is  both  extremely  cosplex  ar.d  critical.  It  is  conplex  due  tc 
the  widely  varying  ranges  and  tactical  t*enarios  in  which  air-to-air  Eissiies  are  the 
primary,  or  only,  weapoc  available;  and  it  is  critical  due  to  the  large  nusber  of 
factors  that  combine  to  fo.  ■»  the  actual  MLE  for  i  particular  sissile,  fighter,  target, 
and  engagesent  gec-setry. 


Figure  1  Target  Centered  Three- Diser.s ional  Missile  Launch 
Envelope  with  an  Rjjj^  and  .  Boundary 


The  HICF  Concept,  by  better  descr  bing  tbe  air-to-air  engageeen  dynamics.  provides 
the  pilot  improved  information  content  at  a  lower  irforsaticn  /ate.  Prior  t,  describing 
the  HICF  and  discussing  its  development  process  an-i  potential  impact  on  aircrew  perfor¬ 
mance  and  training,  however,  a  brief  description  of  missile  launch  envelope  terminology 
and  of  the  pilo*  role  in  aissile  fire  control  is  provided.  In  addition  to  establishing 
the  c  ntext  in  which  the  HICF  display  concept  was  developed,  the  descriptions  should 
provide  sore  insight  into  the  cosplexity  of  the  aissile  fire  control  decision  the  pilot 
is  confronted  with. 

Missile  Launch  Envelope  Terminology  -  While  attempting  to  deliver  an  air-to-air 
aissile  in  combat,  the  pilot  is  confronted  with  the  decision  of  when  to  launch  the 
aissile.  Froa  i  systems  viewpoint,  the  pilot  is  aware  that  ir.  a  three-dimensional  space 
there  *»-«•  only  {articular  volumes  of  space  froa  which  a  successful  launch  can  be  cade. 

This  voluae  is  i-epicted  in  Figure  1  and  is  defined  as  the  aissile  launch  envelope  { ML F 3  - 
The  target  aircraft  is  located  in  space  at  time  equal  to  aero  {i.e.,  launch  time)  and 
any  launch  from  within  the  volume  between  the  inner  and  outer  shaded  surfaces  will 
result  in  a  successful  aissile  intercept. 

A  more  typical  and  sore  easily  understood  presentation  of  the  KLE  is  depicted  in 

Figure  2.  This  presentation  is  obtained  by 
taking  a  slice  {in  the  plane  of  the  engage¬ 
ment)  through  the  volume  of  Figure  !.  It  is 
quickly  noted  that  there  are  two  boundaries 
depicted.  The  outer  boundary  consists  of 
all  maximum  range  {r>.a,r)  points,  i.e., 
launcnes  at  points  a*8ng  the  1 ine-of-sight 
between  the  attack er  and  target  which  are 
outside  these  points  will  result  in  a  lost 
missile-  Conversely,  the  inner  boundary 
consists  of  all  minimus  range  points, 

i.e.,  launches  at  points  along  tn4  line-cf- 
sight  between  the  attacker  and  target  which 
are  inside  these  points  will  result  ir.  a 
lost  aissile.  The  pilot's  launch  decision 
appears  to  depeid  on  his  being  able  to 
achieve  a  condition  in  which  his  current 
range  (S)  is  between  and  R,,.,.  Both 

Rm.  and  Ru.t  boundaries,  however,  vary  as  a 
function  ot  Several  different  parameters, 
i.e.,  the  KLE  boundaries  depend  on  a  n- 
diacnsiona!  space  of  parameters.  The  effect 
that  the  n-parameters  have  on  the  HLE  boundary 
(hence  the  pilot  decision,  Rj,,..  <  R  <  R.,,,) 
varies  considerably  cepending  Bn  the  para¬ 
meter  and  boundary  of  interest.  A  critical 
paraceter  in  determining  the  boundary  shape 
is  that  of  target  maneuver.  The  KLE  depicted 
Figure  2  .Son-Maneuvering  Target  Missile  i.i  Figure  2  is  for  a  non-maneuvering  target. 

Launch  Envelope  Figure  3  depicts  the  HLE  for  the  same  target 


Figure  3  Haneuverin 
Launch  Er.v 
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applying  constant  load  factor  during  the  time-of-f  1  ight  of  the  missi’e;  and  Figure  4  is 
an  overlay  of  the  two  HLE's.  If  the  pilot  had  launched  a  missile  at  the  non-maneuvering 
target  of  Figure  2,  the  cross-hatched  area  of  Figure  4  represents  that  area  in  nhi.h  an 
unsuccessful  intercept  would  have  occurred  if  the  target  maneuvered  as  in  Figure  3. 
Further  discussion  of  HLE's  will  be  deferred  until  the  description  o*  the  HlCF. 

The  Pilot  Role  in  Hissile  Fire  Control  -  The  common  denominator  to  ail  missile  fire 
control  engagements  is  the  requirement  for  tha  pilot  to  decide  when,  or  if,  to  launch. 

The  previous  section  on  HLE's  described  the  information  required  for  this  decision. 

This  section  will  briefly  discuss  certain  key  aircraft  systems  which  prepare  and  support 
the  pilot  decision  for  missile  launch.  A  aajcrity  of  the  description  will  describe  F - 1 6 
systems.  Where  other  systems  are  disrussed  it  will  be  specifically  noted. 

The  F-16  control/display  interface  was  designed  for  ‘hands  on  throttle  and  stick* 
operation,  permitting  the  pilot  to  carry  out  the  majority  of  tactical  operations  in  a 
Head-up  environment.  The  interface  allows  the  piiot  options  based  upon  the  dynamics  of 
his  particular  mission.  The  pilot  can  interface  with  the  fire  control  system  (..’.rough  the 
radar,  fire  control  nav.  Heads  Up  Display  and  stores  control  panels  and  the  Horizontal 
Situation  Indicator  and  other  instruments.  As  indicated,  however,  switches  on  the  side 
stick  controller  and  the  tnrottle  provide  for  critical  *air  combat  interfaces".  Two  of 
the  three  F-16  air-to-air  missile  modes,  the  missile  override  and  dogfight  modes,  are 
selected  through  a  throttle  switch-  Both  the  positioning  and  functioning  of  the  missile 
and  dogfight  mode  switches  reduce  pilot  workload  in  the  ACH  engagement.  A  critical 
function  provided  by  selecting  either  of  these  two  modes  is  that  of  automatic  target 
acquisition.  This  precludes  the  pilot  frws  having  to  go  heads  down  in  the  cockpit  in 
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Figure  5  F-16  Type  Hissile  Launch  Displays 


order  to  slew  the  radar  cursor  and  manually  acquire  the  target.  All  three  missile  modes, 
however,  provide  essentially  the  same  information  with  which  the  pilot  makes  his  launch 
decision.  Figure  5  depicts  F-16  type  symbology  associated  with  the  aissile/missile 
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figure  7 


iiueen  Factor  Issuer  Included  During  Algoritha  and  Display 
Design  Process 


MISSILE  IK'tRCEPT  CONFIDENCE  FACTOR  (HICF) 


figure  7  depicts  the  approach  taken  by  the  MISVAL  Prc-yras  in  the  development  of 
aissile  fire  control  section1,  zations  and  displays.  The  iaportant  thing  to  nne  is  that 
the  san's  interface  with  the  other  factors  is  considered  during  the  initial  algoritha 
and  display  design.  The  questions  of  what  kind,  how  such,  and  in  what  forsat  inforaation 
should  be  provided  tp  the  pilot  is  an  integral  part  of  the  design  process.  While  they 
are  isportant  real  world  constraints,  the  ability  to  soapute  and  physically  trar.seit  or 
display  the  infornation  should  not  initially  dictate  the  infcrsation  requirements  of  the 
pilot.  As  noted  in  previous  sections,  a  considerable  asount  of  sissile  fire  control 
infornation  Is  available  in  the  F-16,  and  sore  efficient  means  of  calling-up  or  dis¬ 
playing  this  inforsation  ere  also  available.  The  questions  of  what  kind,  how  such,  and 
in  what  foraat  the  Information  should  be  provided  still  regains.  Dr.  ccott.  in  a  saper 
on  the  HICF  Concept,  identified  four  characteristics  which  a  display  for  air-to-air 
sissile  weapon  delivery  should  possess: 
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a  critical  eieoent  in 

a  very  sisple  exaspse  is  a  pilot's  instruoent  "cross  check", 
interested  in  the  instantaneous  values  o‘  the  various  flight 
the  rate  of  change  of  tneir  values-  The  lack 

in  current  aissile  fire  control  systeas  displays  was  identified  during  the  MISVAL  design 
process.  Ir.  terms  of  current  MIE  displays,  the  relative  action  of  the  Rw,«,  «»,,>  and 
R  tics  and  other  shoot  cues  do  not  provide  the  pilot  with  adequate  mforsifion  Sr.  the 
dynaaics  of  the  engagement.  The  KICF  evolved  from  the  identification  of  this  inferfiation 
requirement. 


The  HICF  is  based  on  the  use  of  a  no-escape  sessile  launch  range 
escape  HIE  is  defined  as  the  saallest  possible  value  that  the  aaxiaaa 
can  have  for  a  target  aaneuver  during  the  flight  of  the  aissile.  The 
a«  follows: 
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Figure  8  The  No-Escape  Region  of  the 
Missile  Launch  Envelope 


Figure  8  depicts  the  relationship  of  the  no¬ 
escape  boundary  to  the  and  RM1H  bound¬ 

aries.  The  MICF  relates'rne  pi lotrposition 
to  tnese  three  boundaries.  The  cross  hatched 
area,  the  area  between  RMIH  and  Rye.  in 
Figure  8  is  that  area  frorrwhich  trie  target 
cannot  defeat  the  missile.  In  this  area 
the  MICF  would  be  one;  or  if  placed  in  terms 
of  percentage  -  1003S.  The  MICF  (in  percent) 
decreases  linearly,  along  the  1 ine-of-sight . 
from  the  10u%  at  the  no-escape  boundary  to 
zero  percent  at  the  maximum  range  boundary. 
Outside  the  maximum  rer.ge  boundary  the  MICF 
is  equal  to  zero.  This  is  ill ustrated  i n 
Figure  9.  Note  that  an  F  *C  type  display 
has  been  used  as  an  example  re-mat  for  dis¬ 
playing  the  MICF  value.  The  cercwins-g*  ' ' 
the  aiming  reticle  which  is  earCs-isd  (  i : ; u  - 
minated)  is  directly  proportiona *  xo 
percentage  of  MICF.  For  an  airborne  s, 
the  no-escape  maneuver  would  have  to  be 
approximated.  Currently,  the  MICF  does  at 
account  for  several  factors  which  are 
critical  to  a  successful  missile  intercept. 
The  extent  to  which  other  factors  can  or 
should  be  included  as  of  the  MICF  is  a 

subject  for  further  study  As  described, 
herein,  the  MICF  is  based  on  kinematic, 
only.  Even  with  this  constraint,  however. 


the  pilot  is  provided  information  which  allows  him  to  assess  both  the  relative  goodness 
of  his  current  launch  conditions  and  the  corresponding  improvement  or  worsening  of  thosp 
conditions.  Information  about  the  dynamics  of  the  engagement,  as  controlled  by  both 
pre-  end  post-launch  target  aircraft  maneuver,  is  now  available. 


Figurr  3  Correlation  of  the  MICF  Cue  with  Fighter  Penetration  into  the  Missile 
Launch  Envelope 

PILOT  CONSIDERATIONS 

The  igh  levels  of  training  and  experience  required  by  fighter  pilots  is  largely 
the  resu‘  of  the  unpredictability  associated  with  any  particular  tactical  engagement. 
The  pi  1  a*  ust  be  able  to  react  to  new  and  very  rapidly  occuring  tactics  and  maneuvers 
The  MICF  as  a  relative  positi'"  and  trend  Indicator  is  particularly  suited  to  this 
environment.  It  allows  for  raction  of  the  pilot  with  the  fire  control  system 

solution.  As  Or.  Scott,  desc  <•  it,  “the  pilot  util'zes  MICF  as  a  shoot  cue,  but  one 


6-6 


that  contains  shades  of  gray  rather  than  being  black  or  wti i te “ .  A  pilot  may  choose  to 
launch  with  a  low  MICF,  or  he  may  decide  to  maximize  his  MICF  prior  to  launch.  The 
pilot's  experience  and  judgment  will  determine  the  decision  he  makes.  The  decision  is 
enhanced,  however,  by  a  pre-launch  assessment  of  the  target's  likelihood  of  evading  the 
missile. 


While  the  MICF  is  still  at  a  conceptual  stage  and  remains  to  be  fu’ ly  explored  and 
exploited,  several  intuitive  insights  as  to  the  MICF's  usefulness  to  pilots  can  be  made. 
The  MICF  will  provide  an  easily  interpretable  launch  cue  that  will  reduce  overall  pilot 
workload.  As  noted  previously,  the  MICF  contains  information  about  R,  R.,,,.,  PHay  and 
Rj,,.  During  an  engagement,  each  of  these  items  of  information  is  dynamic.  If”tne  engage¬ 
ment  is  dynamic,  either  visual  or  non-visual,  the  bit  rate  of  information  which  the  pilot 
must  absorb  and  interpret  is  very  high  or  excessive.  This  accounts  for  several  pilots' 
desire  for  a  "simple"  shoot  light.  The  MICF  presents  the  pilot  with  one  item  of  infor¬ 
mation  which  can  be  displayed  as  a  linearly  decreasing/increasing  function.  The  tit  rate 
of  information  is  reduced  and  its  interpretabil i ty  increased.  It  has  been  demonstrated 
that  a  human  has  a  maximum  absorbable  bit  rate  of  approximately  50  bits/sec,  and  that  a 
transfer  of  this  usable  bit  rate  is  possible  between  visual  tasks.  Intuitively,  the  MICF 
provides  the  pilot  more  informational  content  at  a  lower  bit  rate.  The  lower  bit  rate 
required  for  the  missile  fire  control  launch  aecision  allows  the  pilot  to  perform  the 
other  tasks  at  a  higher  level  of  efficiency. 


In  addition  to  being  difficult  zc  interpret  in  dynamic  engagements,  the  values  and 
rate  of  change  of  R,  P.,,.,,,  Ruav*  3nd  RNE  Wl1^  vary  for  e?ch  specific  engagement.  In 
other  words,  the  display”information  tRe  pilot  saw  in  the  low  altitude,  high-speed,  nose- 
on-attack  yesterday  will  bear  little  resemblance  to  the  medium-altitude,  beam-attack 
display  he  has  today.  The  variation  in  this  information,  stimulus,  for  the  pilot  launch 
decision  again  accounts  for  the  frequent  request  for  a  shoot  light,  further,  it  is 
reflected  in  the  wide  variation  of  observed  pilot  use  of  the  information  available  for 
missile  launch  in  current  systems.  The  implications  for  pilot  training  are  obvious.  In 
contrast,  the  MICF  provides  a  single-valued  function  which  could  be  correlated  with  each 
missile  launch  success  or  failure.  The  pilot  can,  through  training,  determine  his  assess¬ 
ment  of  what  a  50%  or  75%  MICF  means  tactically.  Note  that  the  MICF  incorporates  all  the 
information  currently  provided  tc  the  pilot  and  has  the  ability  to  function  as  a  shoot 
light.  As  illustrated  in  Figure  8,  if  it  is  desired  for  the  more  experienced  pilot,  the 
individual  information  items  could  be  displayed  concurrently  with  the  MICF. 


Again,  it  should  be  noted  that  the  MICF  concept  is  at  a  conceptual  stage  and  that 
the  inferences  made  above  have  rot  resulted  from  experimentation  or  test.  Further 
development  of  the  MICF  is  on-.  ig. 


SUMMARY 

As  the  system  demands  on  a  single-seat  fighter  pilot  increase,  increased  emphasis 
must  be  placed  on  what  kind,  how  much,  and  in  what  format  information  should  be  provided 
to  the  pilot  -  the  MICF  is  an  example  of  this  emphasis.  The  MICF  concept  has  been 
developed  to  provide  the  pilot  information  about  the  engagement  dynamics  of  an  air-to-air 
missile  engagement.  It  attempts  to  account  for  the  critical  parameter,  target  maneuver, 
by  bounding  the  possible  aerodynamic  boundaries  by  calculating  upper  and  lower  boundary 
limits.  A  no-escape  target  maneuver  is  utilized  to  establish  the  lower  boundary  and  the 
current  maneuver  '.j  used  for  the  upper  boundary.  The  MICF  factor  relates  the  pilot's 
position  relative  to  these  two  boundaries  and  a  minimum  range  boundary.  As  an  inter¬ 
ceptor  varies  its  position  within  the  MLE  boundaries,  the  MICF  varies  between  a  value  of 
zero  to  one  and  presents  the  pilot  an  indication  of  the  increasing/decreasing  goodness  of 
his  launch  condition.  The  MICF  allows  the  pilot  to  be  interactive  with  the  fire  control 
system.  Through  an  assessment  of  the  tactical  situation  the  pilot  can  determine  whether 
to  accept  a  lew  confidence  launch  or  to  maneuver  to  a  more  favorable  launch  position. 

A  decrease  in  the  Information  bit  rate  required  for  the  missile  fire  control  task  is 
expected  to  result  from  tha  MICF  Concept.  This  will  result  in  a  corresponding  improve¬ 
ment  in  other  task  areas.  Finally,  the  MICF  Concept  will  provide  a  launch  cue  which  will 
allow  for  improved  pilot  training,  understanding,  and  performance. 
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Introduction 

To  quote  from  the  theme  for  Session  A:-  "Any  weapons  system  is  no  more  effective 
than  its  human  operators:  in  that  sense  the  system  is  merely  an  extension  of  the 
operator's  sensory,  muscular  and  cognitive  capabilities  in  responding  to  mission  and 
environmental  stress.  To  ensure  accomplishment  of  operational  missions,  the  relation¬ 
ship  between  man  and  machine  must  be  complementary  and  compatible." 

In  order  tc  achieve  a  satisfactory  relationship  much  thought  and  effort  is  required 
on  this  aspect  by  designers  and  aircrew,  with  particular  emphasis  on  a  feed-back  of 
experience  from  the  operational  environment.  Conclusions  reached  from  past  experience 
are  that  no  matter  how  much  time  and  effort  is  spent  by  cockpit  committees  using  detailed 
mock-ups,  simulators  and  combat  studies  we  still  find  shortfalls  when  we  finally  reach 
the  operational  environment  with  a  new  combat  aircraft.  The  state  of  the  art  is  such 
that  these  shortfalls  are  becoming  less  numerous  and  hopefully,  less  critical. 

Another  aspect  is  the  operational  requirement  which  calls  for  a  very  high  degree 
of  system  capabixity,  which  on  the  day  the  specification  was  written  was  obviously 
considered  to  be  the  requirement  for  the  timescale  being  considered,  but  on  reaching 
operational  service  is  sometimes  found  to  be  r<.  -undant  or  at  least  not  cost  effective, 
hence  the  necessity  for  involvement  of  operational  aircrew  in  the  design  concept  stage 
of  a  new  combat  aircraft . 

Although  this  oaper  was  requested  for  Human  Factors  in  relation  to  the  Tornado, 
the  aspects  I  will  cover  relate  to  any  aircraft  whose  primary  operational  zone  is  high 
speed,  low  level.  . 


Crew  Comfort 

Crew  comfortmusv  come  high  on  the  list  of  priorities.  The  adaptability  of  the  human 
species  is  well  known  and  aircrew  will  adapt  and  accept  a  high  degree  of  discomfort  in 
order  to  achieve  mission  success,  however,  there  is  a  direct  relationship  between  comfort 
and  operational  efficiency.  I  will  briefly  discuss  crew  comfort  under  the  follc'-ing 
headings : - 


Flying  clothing 

Combined  harness,  arm,  leg  ar.d  head  restraint 
Helmets 

Anti  'g'  protection 
Ejector  seat 
Cockpit  conditioning 
Cockpit  layout 
Noise  aspects 
Ride  comfort. 


Flying  Clothing 

We  hear  much  talk  from  aircrew  on  "shirt-sleeve"  environment,  but  do  we 
really  m;an  "shirt-sleeve".  If  we  consider  what  can  happen  in  a  war  situation, 
faced  with  the  possibility  of  battle  damage,  ejection,  survival,  escape  and 
evasion,  then  we  must  cater  for  tl.ese  possibilities  but  also  endeavour  to  avoid 
making  the  aircrew  feel  like  trussed  chickens.  Account  must  also  be  taken  of 
the  requirements  for  long  periods  on  standby  fully  dressed,  extended  flight 
on  Combat  Air  Patrol  and  oversea  operations,  particularly  in  winter  in  the 
European  theatre  and  not  forgetting  long-range  ferry  flights  which  can  extend 
over  extremes  of  environmental  conditions. 

Overwater  operation  requires  the  provision  of  a  lifepreserver  which  must 
not  impede  the  movement  of  head  and  arms  or  the  vision  of  cockpit  controls 
and  panels  and  of  course  in  European  winter  conditions  an  anti-exposure  suit 
is  also  required. 

To  sum  up,  not  an  easy  task  for  the  flying  clothing  specialists. 


Combined  Harness,  Arm,  Leg  and  Head  Restraint 

Unless  an  escape  capsule  is  utilised,  then  an  ejector  seat  facility  such 
as  fitted  in  Tornado  and  designed  to  provide  safe/survivable  high  speed,  low 
level  escape  up  to  600  kts.  plus  is  required.  This  in  turn  requires  a  simple 
and  comfortable  combined  harness  and  with  the  necessary  arm,  leg  and  head 
restraint  to  prevent  flailing.  Normal  strapping  in,  scramble  and  emergency 
ground  egress  requirements  also  have  to  be  considered.  How  these  requirements 
are  met  in  the  Tornado  will  be  covered  by  another  speaker. 

Helmets 


There  is  a  very  large  range  of  helmets  available  all  with  their  good  and 
poor  features.  However,  the  main  requirements  are  that  they  must  be  comfort¬ 
able,  afford  a  high  degree  of  protection  against  impact,  have  good  sound 
exclusion  properties  and  be  light  in  weight.  Visor  protection  against  bird 
strikes  is  essential  in  the  low  level  role.  The  degree  of  visor  shading  is 
important  and  must  enable  the  head  down  instruments  and  cockpit  displays  and 
controls  to  be  seen  and  at  the  same  time  afford  sun  glare  protection.  The 
current  vogue  is  to  have  two  visors,  one  clear  and  one  shaded.  Helmet  colour 
has  been  the  subject  of  crew  room  discussion  since  the  camouflaged  has  succeeded 
the  white  painted  helmet.  The  two  main  points  raised  are  the  apparent  heat 
reflection  advantage  of  the  white  helmet  in  hot  sunny  climates  and  its  disad¬ 
vantage  in  acting  as  a  prominent  aiming  point  for  an  attacking  gun  armed 
fighter  pilot. 

Anti  'g'  Protection 


Although  the  tilting  of  seats  is  becoming  more  fashionable  as  a  'g* 
threshold  raiser  the  anti  'g'  suit  is  still  with  us.  During  high  speed  low 
level  terrain  following  development  flying  attention  was  focussed  on  the  anti 
'g'  system  scheduling.  The  conclusion  of  the  aircrew  was  that  the  rapid  onset 
of  anti  'g'  pressure  required  for  air  to  air  combat  was  undesireable  for 
terrain  following  due  to  the  frequency  and  severity  of  the  thump  in  the  stomach. 
Action  is  now  in  hand  to  alter  the  schedule  for  Tornado. 

Ejector  Seat 

Crew  posture  and  comfort  is  dependant  on  the  sitting  position  in  the  seat, 
and  comfort  coupled  with  the  ability  to  operate  cockpit  controls  without 
stretching  is  considered  to  have  a  good  psychologial  effect.  Comfort  is  again 
stressed  as  of  major  importance.  Minor  discomforts  can  reach  major  proportions 
after  sitting  for  many  hours  on  standby  or  on  extended  flights  such  as  Combat 
Air  Patrol  or  a  long  range  ferry  flight. 

Cockpit  Conditioning 

Another  prime  factor  in  crew  comfort.  The  designers  task  in  providing 
pressurisation,  air  flow,  air  distribution  and  temperature  controlability  to 
meet  all  operating  conditions,  on  the  ground,  in  flight,  and  in  world-wide 
environments  is  formidable.  This  is  a  design  area  where  ground  rigs  are  use¬ 
ful  but  invariably  shortcomings  become  evident  when  assessing  the  system  in 
the  actual  aircraft  under  operational  conditions.  An  inefficient  cockpit 
conditioning  system  can  seriously  affect,  the  crews'  performance  and  therefore 
mission  success. 

Cockpit  Layout 

Although  cockpit  layout  and  control  accessibility  have  been  discussed  in 
depth  at  previous  AGARD  meetings  the  importance  of  good  layout  of  indicators 
and  controls  cannot  be  over-stressed.  However,  I  do  not  intend  to  discuss 
these  aspects  any  further  in  this  paper. 

Noise  Aspects 

Cockoit  noise  can  and  does  eminate  from  various  sources  such  as  cabin 
conditioning,  demisting  system,  aerodynamic  noise  caused  by  poorly  fitting 
canopy  or  airframe  panels  and  can  be  attenuated  to  some  degree  by  a  well 
fitted  helmet  with  good  sound  exclusion  properties.  However,  this  does  not 
absolve  the  aircraft  designers  from  the  responsibility  to  reduce  the  overall 
cockpit  noise  to  an  acceptable  level.  By  this  we  mean  that  the  crew  should  be 
able  to  communicate  through  the  intercom,  system  up  to  the  design  Indicated 
Air  Speed  (I.A.S.)  of  the  aircraft.  Unfortunately  this  is  not  so  with  the 
majority  of  current  multi-seat  combat  aircraft  capable  of  high  I.A.S.  and  is 
psychologically  bad  for  the  crew  who  know  they  cannot  communicate  by  voice 
when  in  a  situation  that  requires  them  to  use  the  max.  operational  speed  capa¬ 
bility  tf  their  aircraft.  Fortunately  for  us,  the  Tornado  is  unique  in  that 
normal  intercom,  is  useable  up  to  the  design  speed,  we  a*so  like  to  think  that 
this  is  the  result  of  good  design  and  attention  to  detail  and  not  just  good 
luck. 
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Ride  Comfort 

Ride  comfort  is  obviously  another  prime  factor  in  the  high  speed,  low 
level  role  and  merits  a  paper  on  its  own.  Crew  tolerance  levels  V's  time  is 
an  important  parameter  and  can  be  decisive  in  the  mission  success  context. 
How  ride  comfort  is  achieved  will  be  dealt  with  by  another  speaker  during 
the  course  of  this  meeting. 


Physiological  Aspects 

Surf ice  to  say  that  high  speed,  low  level  flight  is  usually  bumpy,  hot,  noisy, 
requires  a  high  degree  of  concentration  and  produces  a  high  workload.  It  can  be  considered 
one  of  the  most  taxing  operational  tasks  but  at  the  same  time,  most  stimulating.  The 
crew's  sensitiveness  to  stimuli  (tactile,  visual  and  aural)  has  to  be  considered  in  this 
working  environment  along  with  re-action  time,  resistance  to  fatigue  (tolerance  levels 
V's  time)  and  adaptability.  If  the  crew  comfort  aspects  already  mentioned  receive  satis¬ 
factory  design  attention  then  the  undesireable  physiological  effects  will  be  reduced  to 
an  acceptable  level. 

Workload  and  Worksharing 

Cockpit  design  is  of  prime  importance  when  considering  workload  and  worksharing  and 
is  affected  by  such  factors  as  scenario,  equipment  and  operational  requirements.  This  is 
a  complex  study  on  its  own  and  has  been  dealt  with  at  previous  AGARD  meetings  and  will 
also  be  discussed  later  in  this  meeting. 

However,  worthy  of  further  study  in  this  area  is  the  complexity  of  modern  muiti-role 
weapons  systems  and  the  ability  of  the  crew  to  utilise  the  full  system  capability  and 
to  cope  with  the  many  possible  redundancies.  This  aspect  will  of  course  have  an  signifi¬ 
cant  impact  on  crew  training. 

A  continuous  state  of  crew  training  is  required  if  a  high  degree  of  operationsl 
effectiveness  is  to  be  maintained  -  this  poses  problems  with  regard  to  flight  hours 
available,  availability  of  suitable  low  level  training  areas  and  weapons  ranges  day  and 
night.  The  high  cost  of  flying  is  also  a  significant  factor  and  hence  operationally 
realistic  flight  simulators  will,  and  are,  playing  an  important  role  in  this  area. 

Psychological  Aspects 

The  mentally  trying  task  of  a  crew  being  flown  by  an  autopilot  at  high  speed,  low 
level,  at  night  in  poor  weather  conditions  is  somewhat  daunting,  and  obviously  requires 
a  very  high  degree  of  confidence  in  the  safety  integrity  and  reliability  of  the  safety 
critical  systems.  It  only  requires  a  system  'hiccup'  under  these  conditions  to  reduce 
the  crews  confidence  level  to  zero-  It  is  considered  that  this  is  an  area  where  the  flight 
simulator  can  psychologically  prepare  a  crew  for  system  malfunctions  in  complete  safety, 
and  thereby  prevent  or  at  least  reduce  the  drop  in  confidence  when  problems  occur  for  real. 

A  point  not  very  often  heard  when  the  one  V's  two  crew  arguments  are  discussed,  is 
the  strong  psychological  benefit  of  being  accorapanie i  by  another  crew-member  at  night  or 
in  difficult  circumstances.  Somebody  to  share  the  incertainties  and  the  fears  -  what  would 
Freud  say  to  that? 

Location  information.  The  tendency,  when  engaged  in  low  flying,  for  pi^..  3  to  locate 
themselves  because  the  outside  world  appears  to  tie  in  with  where  they  are  expecting  t*  be 
is  psychologically  very  strong,  particularly  in  poor  weather  -  therefore  a  very  basic 
uncluttered  display  (such  as  the  Tornado  TV  tab  C  plan  format)  is  a  real  benefit  and 
comfort.  This  shows  a  simple  plan  of  the  flight  path  with  a  symbol  indicating  the  relative 
position  of  the  aircraft. 

Philosophy  of  Automation 

This  is  another  area  which  is  often  discussed  by  operational  crews  and  usually 
results  in  a  split  between  those  who  are  for  full  automation  and  those  who  are  against, 
with  tne  in-betweens  wanting  a  degree  of  automation  but  with  an  over-ride  facility. 

As  this  is  another  subject  on  its  own  and  time  does  not  permit  an  in  dapth  coverage. 

I  would  summarise  the  philosophy  of  automation  as  follows:- 

For :  - 


-  Increased  efficiency/accuracy  in  performing  some  tasks  such  as 
Terrain  Following,  Weapon  Release,  Track/Height/Speed  hold. 

-  Relief  of  workload  during  Terrain  Following,  Wing  Sweeping 
(in  a  variable  geometry  aircraft)  and  deployment  of  high  lift 
devices  in  combat. 
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Against :- 

-  Psychological  factor  of  a  crews  preference  for  'self-reliance' 
and  'freedom  of  choice'  can  be  very  strong. 

-  Reliability.  Automation  inevitably  means  a  higher  degree  cf 
complexity  over  a  non  automatic  system  and  which  must  reduce 
reliability  to  some  degree. 

It  is  of  vital  importance  that  automatics  are  capable  of  being  checked  for  service¬ 
ability  and  that  an  override  capability  is  provided,  for  both  safety  and  psychological 
reasons . 

Spatial  Disorientation 

Most,  if  not  all  the  current  generation  of  combat  aircraft  are  flying  with  an 
equipment  which  is  generally  considered  to  be  one  of  the  major  improvements  in  cockpit 
design  in  the  past  decade.  -  X  refer  to  the  Head-up  Display  (HUD).  Pilots  are  unanimous 
in  their  opinion  of  the  high  value  of  this  equipment,  particularly  during  operational 
flying. 

However,  as  with  most  advances/improvements  some  new  factors/situations  arise  which 
are  largely  unforeseen  and  I  think  pilot  reports  of  spatial  disorientation  when  using 
the  HUD  come  into  this  category. 

The  disorientation  has  usually  been  experienced  when  flying  on  a  fully  serviceable 
HUD  and  in  what  is  generally  termed  as  "gold-fish  bowl"  conditions,  in  other  words, 
general  haze  with  no  visual  horizon.  In  all  but  a  few  cases  the  disorientation  has 
occured  on  transferring  from  visual  cues  to  HUD  and  only  overcome  by  concentration  on 
the  head  down  display  (HDD).  Some  did  not  dispel  the  feeling  of  disorientation  until 
they  have  regained  visual  conuitions  (VMC). 

Disorientation,  of  course,  is  nothing  new.  However,  the  ease  with  which  pilots  can 
become  disorientated  when  flying  on  a  fully  serviceable  HUD  needs  wide  publicity  and 
methods  of  avoiding  or  overcoming  covered  in  briefing  at  the  Operational  Conversion 
Units  stage  of  training. 

Another  reported  HUD  phenomenon,  ard  only  by  a  very  limited  number  of  pilots  is  the 
re-focusing  of  the  eyes  necessary  to  either  visually  acquire  a  target  through  the  HUD 
or  to  'read-off'  HUD  information.  This  indicates  that  the  primary  design  concept  feature 
of  the  HUD  that  enables  the  pilot  to  see  his  HUD  symbology  superimposed  on  the  outside 
world  at  infinity  and  therefore  not  requiring  refocusing  of  the  eyes  is  not  true  at  all 
time  or  for  all  pilots. 

Detachment  Phenomenon 


Although  I  personally  have  associated  this  with  the  "trussed  chicken"  feeling 
(particularly  with  pressure  clothing,  and  pressure  helmets  and  high  altitude  flying) 
apparently  recent  aircrew  reports  have  shown  that  this  can  also  occur  with  a  clear 
helmet  visor  in  the  lowered  position.  The  occasions  reported  have  been  when  flying 
instrument  approaches  using  HD  instruments. 

Reflection  from  the  surface  of  the  visor  interfering  with  the  pilots  view  of  his 
instruments,  leading  to  a  strong  feeling  of  detachment  from  what  was  happening.  Which 
in  one  case  was  inaccurate  flying  with  the  pilot  finding  great  difficulty  in  summoning 
the  interest  and  effort  to  do  anything  about  it. 


Summary  and  Conclusions 


I  have  welcomed  the  opportunity  to  stand  ir  front  of  such  a  distinguished  audience 
and  to  help  to  close  the  loop  from  the  aircrew  back  to  the  designer,  a  loop  which  is 
vital  if  we  are  to  continue  to  make  the  man/machine  relationship  more  complementary  and 
compatible. 

Only  a  few  Human  Factors  aspects  of  high  speed,  low  level  flying  have  only  been 
touched  cn  by  this  paper,  but  an  effort  has  been  made  to  highlight  areas  where  in  the 
authors  opinion,  supported  by  discussion  with  other  aircrew,  further  thought  and  study 
is  required  and  hopefully  will  result  in  an  improved  relationship  between  man  and  machine. 
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ADDRESSING  HUMAN  FACTOR  OPTIONS  IN 
CONCEPTUAL  DESIGN 

Philip  V.  Kulwicki 
AHRL/hiA 

Wright- Patterson  TI B,  Ohio  45433 
United  States 


SUMMARY 

Recant  experience  with  emerging  Air  Force  systems  has  highlighted  the  importance 
of  sound  human  factors  implementation  throughout  all  development  phases  ranging  from 
conceptual  design  through  development,  test,  and  operational  use.  In  general,  new 
systems  are  characterized  by  technology  advances  "across-the-board"  in  sensors,  flignt 
control,  and  fire  control,  as  well  as  the  traditional  flight  vehicle  technologies 
associated  with  aerodynamics,  structures,  and  propulsion.  For  example,  the  rapid 
advance  of  avionics  technology  has  greatly  contributed  to  the  operational  capability  of 
emerging  fighter  systems  such  as  the  Air  Force  F-16.  Concurrent  with  this  transition 
of  technology  into  systems  is  the  need  for  careful  attention  to  aircrew  integration 
throughout  the  development  cycle,  because  a  major  system  design  goal  is  always  to 
render  the  system  usable  to  the  operational  aircrew.  l.iis  paper  emphasizes  again  the 
interplay  of  human  factors  technology  with  system  design  disciplines  during  the  conceptual 
phase  of  development.  This  renewed  focus  is  warrantee  c  cause,  while  the  pace  of 
technology  is  rapidly  advancing,  it  is  important  that  the  Air  Force  avail  itself  of  the 
most  recent  technology  and,  via  the  exercise  of  new  design  tools,  evolve  better  aircrew 
systems.  Not  only  must  aircrew  systems  be  compatible  with  human  capabilities  and 
limitations,  but  they  should  be  capable  of  beinc  gracefully  reconfigured  in  order  to 
adapt  to  changes  as  subsystems  evolve  with  time.  By  interacting  with  the  trade-off 
process  of  conceptual  design,  human  factor  design/integ^ation  options  can  be  evolved  to 
obviate  potential  problems  such  as  excessive  aircrew  workload.  Addressing  these  options 
sufficiently  early  in  development  can  avert  potential  problems  well  before  the  man/ 
system  and  hardware  constraints  are  established.  Given  the  long  life  cycle  associated 
with  weapon  systems,  costly  retrofit  and  refit  engineering  changes  must  be  minimized. 

The  Air  Force  F-16  raultirole  fighter  is  th»  most  recent  system  to  benefit  from  a  renewed 
focus  on  human  factors.  Such  design  fea  .res  as  a  full  bubble  canopy  for  unobscured 
vision,  fly-by-wire  primary  flight  control  system,  modified  ejection  seat  position  for 
better  comfort  and  G-relief,  and  the  hands-on- throttie-and-stick  concept  for  improved 
subsystem  management  are  examples  of  the  benefits  of  addressing  human  factor  optiors  m 
conceptual  design.  Further,  continued  «  ttention  in  this  area  is  needed  in  subsequent 
development  phases  for  advanced  systems  as  operational  roles  and  aircrew  systems  are 
refined  to  meet  multinational  requirements.  The  Air  ^orce  Aerospace  Medical  Research 
Laboratory,  in  concert  with  other  Air  Force  Laboratories.  ic  tzkir.g  advantage  of  lessons 
learned  from  projects  such  as  the  F-16  to  develop  and  refine  the  design  tools  and 
methods  for  a  timely  insertion  of  human  factors  technology  to  meet  the  needs  of  future 
high  performance  aircraft. 

INTRODUCTION 

The  importance  of  attention  to  human  factors  at  the  outset  of  design  was  recently 
affirmed  in  the  NATO/AGARD  community  at  the  13/7  Multi-Panel  Symposium  on  Fighter 
Aircraft  Design  (1).  Implementing  a  sound  human  factors  program,  however,  is  a  compli¬ 
cated  issue  that  is  related  to  the  lengthy  development  time  from  concept  to  operations, 
to  the  maturity  and  acceptance  of  emerging  technology  tc  meet  operational  needs,  and  to 
the  expected  cost  and  performance  design  goals.  Until  recently,  the  major  emphasis  on 
human  factors  in  system  development  was  defeired  to  later  stages  of  the  development 
cycle;  yet,  changes  in  the  process  of  major  systems  acquisition  have  reemphasized  the 
need  for  innovation  and  competition  in  developing  alternative  concepts  throughout  the 
entire  acquisition  process.  These  changes  have  provided  an  opportunity  for  renewed 
attention  to  human  factor  options  in  conceptual  design.  A  sound  human  factors  implementa¬ 
tion  program,  applied  sufficiently  early,  can  reap  potentially  great  rewards  by  enhancing 
aircrew  effectiveness  and  reducing  development  cost.  This  paper  places  a  renewed 
emphasis  on  the  interplay  of  human  factors  technology  with  system  design/integraticn 
disciplines  during  the  concept  phase  of  development.  This  approach,  although  net 
restricted  in  application  to  high  performance  fighter  aircraft,  is  discussed  below  in 
relation  to  the  development  process,  the  transition  of  technology,  and  potential  future 
impact  on  fighter  weapon  systems.  Selected  design/integration  features  of  the  Air 
Force  F-16  system  illustrate  the  benefits  which  can  result  from  addressing  human  factor 
options  early  in  design.  Finally,  an  effort  currently  underway  at  the  Aerospiee  Medical 
Research  Laboratcry  is  described  which  attempts  to  further  develop  the  dezigr.  touls  and 
methodologies  whi-'h  can  be  applied  to  the  enhancement  of  aircrew  capability  with  future 
high  performance  t;ghter  systems. 

DEVELOPMENT  PROCESS 

Development  leading  to  the  acquisition  of  major  Ar-  Force  systems  is  .  long  j-rtcess. 
For  fighter  aircraft,  it  is  not  unusual  for  more  than  ten  years  to  elapse  from  the 
completion  of  conceptual  design  until  the  system  attains  -saximun.  quantity  rate  of 
production.  Past  experience  with  Air  Force  fighters,  such  as  the  5 -a ,  indicates  that 
service  lifetimes  on  the  order  of  70-30  years  for  specific  types  of  aircraft  car.  be 
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expected.  During  this  life  cycle,  systems  can  become  modified  to  reflect  expanded 
mission  requirements,  changing  threat  situations,  and  emerging  technology  such  that 

^int?tfromVthea"t^°fian  ^rC^ft  typ? . can  differ  (especially  from  the  aircrew  stand¬ 
point)  from  the  initial  production  configuration.  In  all  such  model  refinements 

fact°rs®ngineering  review  is  necessary.  Further,  for  systems~such  as 
*re  d*veloped  for  international  use,  multinational  configuration  common¬ 
ality  is  needed  to  enhance  system  interoperability.  Because  this  system  acquisn.on 
life  cyc-o  is  such  a  lengthy  process,  it  should  be  clear  that  design  decisions  earl,  in 
development  can  preclude  ma^or  engineering  changes  later  in  development.  Hence,  the 
design  and  integration  of  aircrew  systems  must  not  only  be  compatible  with  human  capa- 

?nd  ^3jaitatlons'  but  they  should  also  be  capable  of  being  gracefully  reconfigured 
to  adapt  to  changes  as  subsystems  evolve  with  time. 


The  cycle  for  acquisition  of  major  systems  by  the  Air  Force  proceeds  through  four 
sequential  phases  depicted  m  Figure  1.  Each  phase  begins  with  a  formal  review  mile¬ 
stone,  at  which  progress  is  gauged  and  the  mission  element  need  is  reaffirmed.  Althouqh 
continuous  attention  to  human  factors  is  needed  during  the  entire  development  cycle,  a 
structured  assessment  of  human  factor  options  at  the  concept  phase  is  particularly 
germane  In  this  regard,  the  so-called  “front  end"  of  the  acquisition  process,  during 
which  these  options  can  be  evaluated,  is  shown  in  Figure  2.  ' 


Air  Force  Laboratories  participate  in  the  system  acquisition  cycle  in  two  important 
ways.  First,  direct  support  may  be  provided  to  other  development  agencies  by  furnishing 
technical  expertise  and  analyse  to  support  specific  svstems  (especially  when  the 
tpique  capabilities  of  Air  Force  Laboratories  are  needed).  Second,  and  perhaps  more 
important,  the  Air  Force  Laboratories  have  the  responsibilitv  to  undertake,  sponsor, 
and  guide  the  development  of  technology  for  future  Air  Force' application.  Hence  the 
Air  Force  Laboratories  can  contribute  to  the  "front  end"  of  system  acquisition  by 
establishing  technology  development  programs  that  are  time-phased,  planned,  and  executed 
to  yield  proven  technology  for  transition  into  future  systems.  In  particular,  promising 
human  factor  options  can  be  explored  in  a  systematic  manner  early  in  design  to  yield 
solutions  to  potential  crew  accommodation  problems  at  the  earliest  development  stage, 
where  alternative  solutions  can  be  evaluated  in  a  more  cost  effective  manner.  The 
process  by  which  this  can  be  accomplished  is  described  herein.  As  noted  in  Figure  2,  a 
key  element  in  this  regard  is  the  exploration  of  alternate  solutions  to  enhance  crew 
and  system  effectiveness  and  reduce  cost. 


Placed  on  a  time  scale,  the  approximate  schedule  for  design  and  evaluation  of  the 
^  16  multirole  fighter  is  shown  in  Figure  3.  It  is  noteworthy  that  system  concepts 
originating  in  the  early  1970s  are  planned  for  operational  fruition  in  the  mid-1980s. 
This  time  span  of  development  highlights  the  importance  of  timely  technology  transition 
for  future  system  application.  With  regard  to  human  factors,  laboratory  programs  can 
be  devised  in  anticipation  of  future  systems  to  develop  and  demonstrate  the  technology 
needed  to  enhance  man-machine-mission  effectiveness  within  available  resources. 

TECHNOLOGY  TRANSITION 


Related  to  the  problems  of  long  development  cycles  and  system  life  cvcles  are 
issues  of  technology  transition  (Figures  4  and  5).  The  technology  being  applied  to 
modern  weapon  systems  is  continually  undergoing  change,  and  the  system  development 
community  must  be  in  a  position  to  anticipate  this  change  and  make  judgments  as  to  the 
applicability  of  candidate  technologies  (in  terms  of  technical  maturity  or  risk  as  well 
as  performance  and  cost  implications)  for  specific  system  developments.  A  recent 
overview  of  technology  transition  associated  with  Air  Force  fighter  systems  (2)  outlined 
the  methods  for  achieving  this  transition  and  recommended  that  a  continuous  system  be 
established  for  identifying,  evaluating,  and  tracking  ne.i  technologies  to  facilitate 
the  transfer  of  technology  from  the  laboratory  to  systems  application.  That  this 
problem  is  not  trivial  can  be  noted  by  reference  to  the  development  schedule  for  any 
major  fighter  system.  If  it  requires,  say,  10-15  years  to  develop  a  system  from  initial 
concept  to  operational  status,  and  if  there  is  no  provision  for  inserting  modern  tech¬ 
nology  advances,  it  follows  that  the  initial  system  usage  wiil  reflect  technology  that 
is  10-15  years  old.  This  concern  is  particularly  acute  with  regard  to  avionics  tech¬ 
nology  which  is  presently  experiencing  high  growth  rates.  Decisions  to  transfer  emerging 
technology  to  future  systems  must  be  made  on  the  basis  of  applicability,  timing,  risk, 
and  cost.  To  confront  this  problem,  recent  developments  of  integrated  digital  avionics 
architectures  hold  the  promise  of  permitting  avionic  updating  through  software  recon¬ 
figuration.  Corresponding  advances  in  cockpit  technology  with  regard  to  controls  and 
displays  are  aimed  3t  developing  cockpits  which  may  be  updated  through  software  revi¬ 
sions  as  avionic  equipment  subsystems  are  improved.  The  resulting  ability  for  achieving 
ready  cockpit  changes  to  reflect  technology  improvement  can  be  called  graceful 
reconfiguration. 

From  a  cockpit  and  human  factors  perspective,  the  future  trend  m  fighter  design 
is  toward  giving  the  aircrew  a  functional  role  of  supervisory  management  rather  than 
direct  manual  control  by  taxing  advantage  of  technology  advances  m  various  disciplines. 
Today's  fighter  systems  have  available  an  enormous  amount  of  information,  much  of  which 
must  be  assimilated  by  aircrews  via  antiquated  display  devices.  This,  coupled  with  the 
necessarily  small  panel  space  for  fighter  displays,  poses  an  information  management 
problem  for  tactical  aircrews.  Future  high  performance  fighter  systems  must  come  to 
grips  with  this  problem  through  the  ’volution  of  integrated  information  management 
systems  as  well  as  advanced  controls  and  displays.  Future  systems  may  well  witness 
selective,  task-tailored  presentation  of  information  such  that  aircrews  will  be  provided 


data  as  needed,  rather  than  furnishing  all  the  information  all  the  time.  Added  develop¬ 
ment  of  this  technology  is  needed  since  it  represents  a  departure  f.om  prior  design 
practice. 


Technology  efforts  are  underway  in  Air  Force  Laboratories  emphasizing  the  human 
factors  associated  with  the  gamut  of  tactical  fighter  operations  and  focusing  on  critical 
areas  sucn  as  visual  and  sensor-aided  target  acquisition,  aerial  weapon  delivery, 
coupled  fire  control  and  flight  control  techniques,  and  terrain  following  and  terrain 
avoidance  visual  displays  (to  cite  a  few  examples).  Technology  transition  mechanisms 
must  be  developed  to  assure  that  the  products  from  these  technology  programs  can  be 
available  for  and  successfully  integrated  within  future  generation  fighter  systems. 

This  transfer  of  technology  in  the  human  factors  area  is  particulary  difficult  becaus; 
really  new  technology  (i.e.,  fundamental  change  in  aircrew  systems)  must  gam  the 
acceptance  of  the  operational  user,  not  to  mention  skeptical  program  managers;  this 
requires  successful  marketing  as  well  as  demonstrated  technical  achievement.  Further, 
the  human  factors  area  is  not  analogous  to  improved  equipment  for  which  performance  ar.d 
cost  goals  can  be  established,  and  against  which  emerging  hardware  technology  can  be 
measured.  Fcr  successful  transfer  to  human  factors  technology,  human  and  system  per¬ 
formance  gams  must  be  quantified,  the  risk  associated  with  such  advances  must  be 
acceptable,  and  the  cost  implications  must  be  favorable.  Otherwise,  the  technology 
will  not  be  included  with  future  systems.  Fortunately,  these  issues  are  becoming 
evermore  apparent  and  the  Air  Force  development  community  is  planning,  scheduling,  and 
performing  its  research  and  development  programs  for  eventual  transition  into  new 
systems. 

SELECTED  F-16  FEATURES 

The  multirole  F-16  fighter  system  has  progressed  from  its  early  1970s  prototype 
rendition  (i.e.,  YF-16)  to  the  capable  operational  variants  iF-l£A  and  F-16B)  now  in 
production.  Durirg  this  development,  the  F-16  has  undergone  changes  and,  as  flight 
experience  is  gained,  added  changes  can  occur  (as  is  typical  in  the  acquisition  of 
major  systems) .  Management  of  this  change  is  the  responsibility  of  the  F-16  System 
Drogram  Office.  Although  gradual  refining  and  improving  of  systems  is  a  normal  develop¬ 
ment  and  operational  process,  certain  features  of  the  F-16  design  have  not  undergone 
significant  change  because  of  human  factors  concerns  that  were  applied  early  in 
development. 

Originally  designed  to  be  a  highly  maneuverable,  light-weight,  low-cost,  single¬ 
place  fighter,  the  F-16  has  developed  into  a  capable  modern  weapon  system  for  under¬ 
taking  air-to-air  missions  and  air-to-surface  missions.  Associated  with  the  design 
gcal  of  high  maneuverability,  achieved  in  part  by  low  wing  loading  and  high  thrust-to- 
weight  ratio,  was  the  desire  to  maximize  the  pilot’s  external  visibility.  To  accomplish 
this,  the  F-16  was  equipped  with  a  full  bubble  canopy  (Figures  6,  7)  which  is  presently 
of  monolithic  construction  and  provides  unobscured  visibility.  This  has  proven  to  be  a 
desirable  design  feature,  providing  the  pilot  with  a  full  360-degree  visual  capability. 

A  similar  bubble  canopy  of  laminated  construction  is  also  being  considered  for  improved 
durability  and  lower  life  cycle  cost.  Weapon  aiming  errors  which  are  a  result  of 
canopy  optical  distortions  have  been  minimized  by  the  use  of  advanced  fire  control 
algorithms. 

A  second  feature  of  the  original  F-16  design  which  reflects  early  human  factor 
attention  and  which  is  being  proven  in  development  is  the  fully  fly-by-wire  flight 
control  system  with  which  the  aircrews  interact  via  hand  and  foot  controls.  A  substan¬ 
tial  amount  of  technology  has  transitioned  from  the  Air  Force  Flight  Dynamics  Laboratory 
in  this  area,  which  (in  addition  to  many  other  benefits)  has  resulted  in  improved 
flying  qualities,  making  the  aircraft  extremely  responsive  to  pilot  command. 

A  third  feature  which  has  received  favorable  pilot  critique  is  the  position  of  the 
ejection  seat  with  the  backrest  inclined  at  30  degrees  from  aircraft  vertical  (as 
opposed  to  the  "standard"  .’3-degree  position).  This,  coupled  with  a  somewhat  raised 
heel  rest  line,  has  resulted  in  substantially  improved  aircrew  comfort  and  G-relief  as 
compared  to,  for  example,  the  F-4  series  fighter  which  employs  a  standard  seating 
position.  It  is  well  known  that  human  resistance  to  acceleration  is  related  to  the 
time  integral  of  the  accelerative  force.  Hence,  it  follows  that  an  individual  design 
which  offers  added  comfcrt  and  G-relief  should  be  favorably  received.  Two  aspects 
concerning  this  issue  are  noteworthy.  First,  the  departure  from  past  practice  regarding 
seat  position  was  part  of  the  original  YF-16  design,  in  part  because  of  the  design 
emphasis  on  maneuverability.  This  reflects  a  measure  of  human  factors  attention  early 
m  development.  Secondly,  and  also  important,  the  F-16  is  capable  of  sustaining  high 
G-levels  as  a  result  of  its  high  thrust- to-weight  ratio.  Since,  historically,  fighters 
have  been  flown  to  maximum  limits,  design  features  to  minimize  the  effects  of  accelera¬ 
tion  are  desirable. 

Finally,  some  comments  relative  to  the  in-cockpit  layout  seem  pertinent.  The  F-16 
cockpit  is  not  large.  Figure  8  is  a  depiction  of  one  of  the  early  development  versions 
and  is  not  meant  to  reflect  an  accurate  F-16  control/display  arrangement.  To  illustrate 
relative  cockpit  size,  note  (in  Figure  9)  tha .  the  area  on  the  F— 16  front  panel  available 
for  display  devices  is  less  than  half  the  equivalent  area  available  with  the  F-15 
fighter  system.  The  F-16  employs  side-arm  mounted  primary  flight  and  throttle  controller 
Similarly  to  a  design  approach  used  with  the  F-15  system,  the  F-16  employs  the  hards- 
on-throttle-and-stick  approach  which  allows  the  pilot  fingertip  management  of  sensors 
and  weapons.  Thus,  continuous  control  of  power  and  attitude  is  preserved,  the  Pilot’s 
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vision  need  not  com  'into  the  cockpit”  to  search  for  switch  .ocations,  and  (with 
training)  sensor  and  weapon  code  switches  are  instantly  accessible. 

This  s  not  to  say  that  all  problems  have  been  solved,  nor  that  the  F-16  is  a 
perfect  ai.plane.  For  example,  in  the  life  support  and  personal  equi;  tent,  area,  problems 
arise  due  to  the  restricted  cockpit  volume  noted  above.  Likewise,  the  demanding  nature 
of  certain  missions,  such  as  night  and  all  weather  attack.,  is  characterized  by  substan¬ 
tial  aircrew  task  workload.  However,  past  experience  indicates  that,  provided  with 
good  training  and  adequate  systems,  our  tactical  aircrews  can  cope  with  difficult 
situations.  For  the  F-16,  as  noted  above,  the  attention  to  human  factors  early  in 
design  has  resulted  in  selected  design  features  that  offer  enha->ced  crew  compatibility. 
That  these  features  have  survived  intact  this  far  in  development  is  evidence  supporting 
the  premise  herein  that  improved  systems  can  be  obtained  by  early  development  attention 
to  human  factors. 

The  challenge  for  the  future  is  to  take  advantage  of  lessons  learned  m  developments 
such  as  the  F-16  and  structure,  prioritize,  and  schedule  future  research  and  development 
activity  with  full  consideration  to  system  development  cycles  and  technology  tr.  nsition 
issues  so  that  advanced  human  factor  design  options  are  available  at  the  outset  of 
future  system  development.  To  this  end,  laboratory  programs  as  discussed  below  have 
been  established  to  provide  such  design  options. 

FIGHTER/ATTACK  CREW  ENHANCEMENT 

A  key  idea  throughout  this  discussion  is  providing  options  {i.e.,  alternative 
approaches;  for  configuring  aircrew  systems.  This  is  important  because,  m  today's 
budget-constrained  environment,  planners  and  developers  must  consider  the  prime  issues 
associated  with  affordability.  Since  the  available  funding  for  new  systems  is  limited, 
it  is  practical  to  include  just  the  essential  technology  options  as  opposed  to  other 
available  options  that  are  merely  desirable.  This  is  to  insure  that  technology  is 
applied  only  because  it  is  truly  needed.  From  a  human  factors  perspective,  it  is 
incumbent  on  the  research  and  development  community  to  anticipate  future  system  needs 
and  apply  human  factors  engineering  design  tools  to  yield  man-machine  integration 
options  in  advance  of  system  development.  This  requires  a  commit-. ^nt  of  resources  to 
develop  and  refine  these  design  tools  as  well  as  to  apply  then. 

To  illustrate  an  approach  by  which  human  factor  options  can  be  defined  and  assessed 
to  interact  with  the  conceptual  design  phase  of  development,  this  section  describes 
activity  underway  at  the  Aerospace  Medical  Research  Laboratory  directed  toward  enhancing 
crew  effectiveness  for  f ighter/attack  systems  maturing  post-1985.  Planning  for  this 
activity  began  in  1975  when  it  became  apparent  that  certain  fighter  systems  would 
approach  the  end  of  their  service  lifetime;  in  the  late  1980s.  To  replace  these  systems 
either  with  entirely  new  systems  or  with  u;>graded  variants  of  existing  systems  to  be 
introduced  in  the  late  1980s,  it  seemed  clear  that  supportive  human  factors  technology- 
development  should  begin  immediately,  given  the  system  acquisition  cycle  am.  technology- 
transition  issues  noted  above.  Definition  study  contracts  were  placed  with  industry-  to 
delimit  the  problem,  emphasizing  visual  display  integration  options  for  1985-1990 
fighter  aircraft.  These  studies  are  being  succeeded  by  follow-on  activity  (about  to 
begin)  which  will  develop,  evaluate,  and  transition  the  human  factor  options  which 
emerged  from  the  earlier  definition  efforts.  It  should  be  noted  that  this  overall 
program  was  planned  from  its  inception  to  transfer  the  technology  evolved  herein  m  the 
form  of  design  recommendations  and  data  in  time  for  system  planners  and  developers  to 
make  rational  choices  associated  with  aircrew  systems  for  post-1985  fighters. 

Integrative  in  natu-  ,  this  program  is  outlined  in  Figure  10.  The  objectives  of 
the  definition  phase  and  study  ground  rules  are  shown  in  Figures  11  and  12.  Concurrent 
with  the  expected  role  for  this  system,  emphasis  was  placed  on  the  traditional  tactical 
missions  of  close  air  support  and  air  interdiction  (both  shallow  interdiction  and  deep 
strike),  with  secondary  emphasis  on  the  counter  air  mission.  It  was  assumed  that  such 
a  system  would  retain  defensive  counter  air  capability  for  self-protection.  Central 
activities  during  the  definition  phase  were  to  develop  a  data  base  and  define  technology 
options  which  involved  estimating  the  maturity  of  aircraft  and  avionic  concepts  m 
ligit  of  expected  weather,  geography,  threats,  supporting  subsystems,  mission  analyses, 
weapons  and  tactics.  The  scope  of  the  data  base  formation  is  shown  m  Figure  13.  It 
should  be  clear  that  the  factors  to  be  considered  in  developing  improved  cockpit  systems 
are  diverse  and  that  the  cockpit  cannot  be  designed  in  isolation  from  the  rest  of  the 
system. 


This  study  was  structured  by  four  sequential  tasks.  First,  the  data  base  was 
analyzed  to: 

a.  Accomplish  detailed  mission  analyses. 

b.  Identify  sensor,  avionics  and  weapon  technology  to  meet  mission  requirements. 

c.  Identify  display  requirements  diu'-Jird  iable  technology  options. 

d.  Identify  available  display  technology  tc.  meet  display  requirements. 

This  involved  ianctional  analysis  of  mission  n^-ds,  flight  profiles,  weapons,  sensors, 
avionics,  aircrew  complement,  and  aircrew  roles. 
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The  second  t*.',  used  these  data  to  assemble  in  detail  the  expected  aircrew  informa¬ 
tion  requirements  -jj  mission  phase  for  each  tactical  mission  considered.  Level  of 
detail  considered  can  be  inferred  by  the  phases  of  flight  shown  as  Figure  14,  since 
each  phase  (for  example,  penetrati.cn)  was  itself  analyzed  in  detail  from  the  aircrew 
standpoint. 

The  tnird  task  involved  the  synthesis  of  candidate  display  arrangements,  one  of 
which  is  shews  as  Figure  15.  Note  the  reliance  in  display  device  technology  on  elec¬ 
tronic  displays.  These  studies  confirmed  that  cathode  ray  tube  (CRT)  devices  should  be 
preeminent  through  the  1989s,  even  though  progress  is  rapid  in  the  technology  associated 
with  solid-state,  digitally  addressed  flat  panel  devices  which  nay  eventually  replace 
the  CRT.  Figure  16  illustrates  the  level  of  detail  in  which  display  hardware  tech¬ 
nology  was  analyzed.  Other  technology  areas  (such  as  sensors,  weapons,  communication 
and  navigation  equipment,  etc.)  were  reviewed  in  similar  detail. 

The  final  task  explored  techniques  by  which  optional  cockpit  approaches  can  be 
evaluated  in  advance  of  system  development.  Various  evaluative  techniques  including 
interactive,  real-tins,  man- in- the- loop  simulation  of  tactical  missions  are  being 
considered.  The  important  point,  however,  is  that  evaluation  of  human  factor  options 
(including  visual  displays,  as  indicated  in  Figure  17)  is  paramount  in  establishing  the 
lelative  value  of  competing  designs  and,  equally  important,  in  furnishing  design  guidance 
for  future  application. 

By  being  in  position  to  anticipate  future  operational  requirements,  many  of  the 
human  factor  issues  can  be  resolved  well  in  advance  of  hardware  development.  Though 
this  technique  is  now  being  applied  to  future  high  performance  aircraft,  there  is  an 
expectation  that  this  approach  is  generalizable  to  other  than  tactical  systems.  Figure 
18  illustrates  select  mission  aicas  of  Mr  Force  interest.  Future  systems  devised  to 
satisfy  mission  needs  in  these  areas,  given  adequate  program  resources  and  management 
direction,  can  also  be  expected  to  bei.nf  it  by  a  program  of  addressing  human  factor 
options  in  conceptual  design. 
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FIGURE  14.  MISSION  REQUIREMENTS:  PHASES  OF  FLIGHT 
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.tESUME 

Co—  lea  avion*  oodernes,  le  Mirage  2000  ae  caracterise  easentiellement  par  aa 
• rande  manlabilitc ,  son  aptitude  a  evoluer  en  haute  altitude,  l'allegement  de  la  charge 
da  travail  de  aon  pitote.  Cea  troia  caracteristiquos  ssaentiellea  necesaitenv  une  adap¬ 
tation  du  pilots  a  aon  avion. 

La  grande  naniabil ite  suppose  dea  variations  tres  brutales  des  accelerations  inten- 
aes  quo  aubira  le  pilote.  La  tolerance  dea  accelerations  repetees  eat  encore  mnl  connue, 
surtout  a  long  terms  et  par  consequent,  a  defaut  d'entraineraent ,  la  selection  doit  etre 
rigoureuae. 

Lea  effets  physiopathologiques  de  la  haute  altitude  sont  mieux  connua  et  une  pro¬ 
tection  efficace  peut  Stre  proposed. 

Les  chances  de  reuasite  dee  miasions  ne  aeront  reelles  que  si  le  pilote  dispose 
d'un  environnement  confortable,  cela  suppose  dea  etudes  ergonomiques  du  siege,  dea 
coraaandes,  des  equipeaenta  de  protection  et  de  la  ventilation  de  la  cabine. 


1.  -  INTRODUCTION 

Sssentiellement  defini  pour  satisfaire  lea  exigences  operationnelles  de  defense  et 
de  superiority  acrienne,  le  Mirage  2000  doit  progressives&ent  remplacer  le  Mirage  III 
qui  equips  lea  forces  aeriennes  franqaiceu  depuis  pres  de  vingt  a ns. 

Cone  pour  le  Tornado  et  coasse  pour  le  F  l6,  les  caracteristiquos  en  vitessc,  alti¬ 
tude  de  vol  et  accelerations  du  Hirage  2000  ne  sont  pas  foncierement  differentes  de 
cellea  d'avions  actuels,  plus  anciena. 

On  peut,  des  lors,  ae  poser  la  question  de  savoir  si  le  Mirage  2000  pose  des  pro- 
blenes  huasins  nouveaux  et  dans  quelle  assure  les  donnees  classiques  de  la  ccdecine  et 
de  l'ergonooie  aeronaut! que  pourraient  etre  remises  en  cause  par  1 'utilisation  de  ce 
type  d ' avion. 

Au  cours  de  cet  expose,  nous  essayerons  da  raonirer  que  1' adaptation  du  pilote  a 
aon  nouvel  avion  risque  de  poser  dea  problem!*  nouveaux,  esaentielleaent  porce 
1' evolution  dea  techniques  a  fait  diaparaitre  certaines  limitations  du  donaine  d  utili¬ 
sation  de  1' avion. 

Cos  probli**#  ergononique#  sont  easentiellement  lies  s 

-  aux  accelerations  longitudinal es  soutenues  et  de  haut  niveau  ; 

-  a  la  charge  de  travail  mental  elevee  que  necessite  le  pilotage  et  1 'utilisation 
du  systiste  d’araes  ; 

•  a  1  * environnsvsnt  de  la  tres  haute  altitude. 

II  en  decoula  la  necessite  d’etudier  des  cquipements  de  protection  efficaces  mats 
confortebles ,  un  environneoent  climatiquc  adequat  et  do  realiser  un  entralnement  ou, 
du  aoina,  une  selection  rigoureuse  du  personnel  navigant  servant  cea  nouvelles  machines 


2.  _  LES  ACCELERATIONS 

L’ intensity  des  accelerations  dont  est  capable  le  Mirage  2000  ne  d6pas»e  en  voleur 
absolue  que  de  quelques  "g"  les  valeurs  connue*  sur  lea  avions  actuelleoont  en  service. 
Elies  pourront,  par  contre,  Stre  appliquees  baaucoup  plus  longtemps  ot  surtout  s  o.,*. 
bli-  ou  disparaitr*  tres  brusquement. 

L’avion  devient  beaucoup  plus  maniable  et  les  accelerations  seront  pre-sente*  cans 
tout  aon  domaine  d’utilisation.  Avec  un  Mirage  III  a  50.000  pieda,  5  S  n«>  pouvaicn 
Strc  obtenus  que  pendant  une  duree  tres  breve,  avec  un  Mirage  2000,  cetie  necel * "" 
et  o4ae  des  accelerations  plus  clevces  peuvent  etre  realiaces  pendant  une  longue  dure 
©  1©  sice  altitude* 

La  caractcristique  principole  dea  avions  de  nouvelle  gynyrot.cn  nous  scmble  done 
fetre  leur  tres  grande  naniability  avec  cosmse  corollaire  pour  lo  jiiots  le  passage  repc- 
te  et  brutal  d'une  intensity  d'acccleration  a  une  autre,  supcrleure  ou  pius  fnible.- 

C'est  ti  Que  la  derives  de  1 ' acceiyration  ou  nombre  de  jolt  prendra  toute  aa  v«- 
leur.  Son  importance  n'avait  ju.qu'a  present  ft e  pleinemeat  cos^riso  que  pour  1  etude 
des  effets  physiopathologiques  des  accelerations  de  duree  tres  breve,  en  parti 
dans  le  dosaino  du  siege  ejectable  ot  des  impacts  de  cms..- 


Lea  effets  des  accelerations  longitudinales  sur  lea  grandes  fonctiona  physiolcgi- 
ques,  cardio-vascvlairea ,  reapiratoiros ,  sur  le  systerae  nerveux  central  et  lea  capteur* 
sensoriela ,  sur  la  performance  psycho— intellectuelle  et  motrice,  sont  actuellement  bien 
corrnus  grace  aux  norabreuses  experimentations  meneea  dans  lea  centres  de  recherche  et 
grace  a  1' experience  vccue  par  de  nombrcux  pilotes. 

La  tol  crane  -  hunts  ine  via  a  vis  de  ce  facteur  de  stress  du  vol  est  exactement  eva— 
luce  et  dea  ooyens  de  protection  relr.tivement  efficaecs  aont  a  la  disposition  des  per—  ' 
sonnels. 

Cela  eat  vrai  des  accelerations  d'intensite  moyenne,  etablies  relativement  douce- 
ment  et  n'exccdant  qu ' exceptionnellement  quelques  dizaines  do  secondes. 

II  en  va  tout  differeissent  des  accelerations  soutenues  pendant  des  temps  dont  on 
imaginait  cieme  pas  la  possibilitc  de  survenue  en  acronautique  ->t  aurtout  des  accelera¬ 
tions  tres  rapidement  etablies, sans  cease  variant  en  direction  ou  en  module, realisant 
de  veritables  pics  de  quelques  secondea  sur  une  ligne  de  base  de  faible  intensity. 

Cela  n'expliqae  par  le  fait  qu’il  n'existe  encore  quo  fort  peu  de  pilotes  ayant 
une  grande  experience  d'une  mission  au  cours  de  laquelle  1 'avion  serait  presque  en  per¬ 
manence  sous  facteur  de  charge  non  stabilise  et  aussi  par  le  fait  que  las  taoyens  de 
simulation  de  tels  profils  d1 acceleration  sent  encore  rares. 

Si  quelques  Zaboratoires  privilegios  et  disposant  des  raoyens  de  simulation  neces- 
saires  a  1' etude  des  accelerations  de  haute  intensity  ont  pu  decrire,  le  plus  souvent, 
sur  ssodele  animal, quelques  effets  physiopathclogiques  cardiaques  survenant  a  partir  de 
v  7  Gz,  tels  qu' hemorragies  sous  endocardiques  ou  degenerescence  myofibrillaires ,  il  an 
est  fort  peu  qui  decrivent  les  effets  physiopathclogiques  ou  anatosopaihologiquen  des 
accelerations  d'intensite  plus  modeste  mais  soutenues  pendant  quelques  dizaines  de 
minutes. 

A  cet  egard,  il  faut  rappeler  que  les  accelerations  de  longue  duree  presentent  le 
grand  intcret  de  permettre  une  bonne  exploration  de  la  fonction  cardio-vasculaire ,  mime 
si  ellesne  sont  qu'un  mauvais  modele  de  representation  des  missions  opcrationnelles. 

A  fortiori  on  ignore  encore  beaucoup  des  reponse-  physiclogiques  ou  des  troubles 
que  pourrait  presenter  l'homme  soumio  a  des  accelerations  itcratives  de  forte  intensite 
pouvant  atteindre  +  8  g,  evoluant  stir  un  fond  plus  ou  moins  ondulnnt,  dont  on  ignore 
d’ailleurs  encore  le  niveau  moyen  et  dont  rien  ne  peroet  de  dire  qu'il  demeurera  long- 
temps  fige. 

Ce  que  l'on  sait  des  effets  patbologiquec  sur  l'homme,  des  accelerations  soutenues 
de  grande  intensite,  peut  Stre  ainsi  resume  : 

21  s'agit  essentielleaent  de  troubles  vasculaires,  ce  sont  des  hemorragies  pete- 
chialte  cutanees  qui  apparaissent  dans  les  zones  ou  le  vetenent  an*i-6  n'cxcrce  plus 
de  pression.  Giles  sont  parfois  assez  impressionnantes  par  leur  taille  ct  leur  couleur 
ranis  sont  indolores  et  disparaissent  totalemcnt  en  quelques  jours.  Leur  existence  pose 
la  question  de  la  possibilitc  d' hemorragies  sur  d'autres  orgonoa  avec  des  consequences 
plus  scrieuses.  Ce  sont  aussi  des  oedemes  des  pieds  et  des  chevjlles  dus  a  1 'elevation 
prolongce  de  la  pression  hydrostatique  dans  cea  extremitos  non  protegees  par  1c 
lon  anti-G. 

Au  plan  cardioo>'»,  lea  anomalies  electrocardiographiques  sont  mamtenant  bien  con- 
”U'“S.  Giles  sont  frequentes  et  peuvent  apparaii  .-e  cent  pour  des  accelt  rat  ions  d* inten¬ 
sity  doyenne  pour  peu  qu’ellos  soient  longtcmps  soutenues. 

Au  cours  des  epreuves  de  selection  des  candidats  fronqais  aux  vole  du  programme 
Spacelab,  nous  avons  ou  la  surprise  de  decouvnr,  a  1* issue  d'un  test  en  centri fugeuse 
de  dix  minutes  sous  une  acceleration  stabilise*  de  *  3  Gii  des  troubles  du  rythmc 
chez  des  sujets  jeunes,  en  bonne  santc  apparente,  pujsque  declares  nptes  peu  de  tenps 
auparovant  par  le  Centre  d'Expertise  du  Personnel  Navigant.  11  s’ogissait  soil  de 
dissociation  auriculo-ventriculaire  de  type  Mobitz  J  ou  2,  soit  de  tachycardies  avec 
ou  sans  extrasystoloa  ventriculaires. 

D'autres  auteurs  ont  rapportc  des  blocs  auricula -ventri culal res ,  des  rythraos  bigc- 
•ainea  ou  des  alterations  du  tract  a  type  de  depression  du  segment  ST  ou  de  modifica¬ 
tions  de  I'onde  de  repolarisation. 

Ces  perturbations  du  rythme  peUvont  etre  rat  Indices  a  une  activity  syrap.-.tbique 
excessive.  Cells-ci  parait  evidente  Xorsqu'on  s'adresse  a  dec  sujets  tres  jeunes,  peu 
habitues  a  1 ' environnement  d'un  laboratoire  et  aux  tests  en  centri fugeuse ,ou  lc  plmsir 
du  vol  fait  totalcment  defaut. 

On  peut  craindro  que  la  tachycardie  orthosympathi que  ne  soit  a  1 'originc  de  1 'eli¬ 
mination  de  jeunes  sujets  "faux  positifs". 

Hais  il  faut  evoquer  aussi  des  modifications  de  la  position  du  coeur  sous  net  tit¬ 
rations.  les  changements  de  repartition  du  voiuzs;  sanguin  central  et  do  remplissago  dos 
cavites  cardiaques. 
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Enfin,  l'hypothosa  d 1 un  certain  degre  d’ischemie  cordioqas  ne  peut  etre  rejetee, 
puisqu'il  eat  maintenant  prouve  qus-  le  debit  cardiaque  et  le  volume  d’c jection  syatoli- 
que  eat  reduit  de  fa?on  importante  sou;  facteur  de  charge.  O'ailleura  pour  certains 
auteurs,  la  bradycardia  parfois  tree  imporlo"*e,  relevee  d§a  l’arret  de  1'acceleration, 
pourrait  etre  un  etat  presyncopal  vaao-vagal  entralne  par  un  defaut  de  renrplissage  du 
co our. 

En  ce  qui  conceme  la  tachytardie,  que  l’on  observe  toujours  et  auasi  bien  chez  dea 
pilotea  que  chez  lea  non  navigants,  elle  augmente  proportionnsllement  a  la  valeur  de 
1’acceleration  jusqu’a  7  g,  atteignant  180  c/ss,  Au-dela  1  * accroisscsent  est  faible 
parce  que  le  niveau  maximum  est  pratiqueaent  atteint. 

L* importance  de  cette  tachycardie  ne  doit  pas  etre  sous  estimee,  car  elle  seeible 
avoir  una  valeur  predictive  dans  la  tolerance  aux  accelerations  et  parce  qu'il  existe 
indubitableaent  chez  1 ’animal ,  une  correlation  entre  frequence  cardiaque  et  importance 
des  hemorragies  sous  endocardiques. 

A  cote  des  manifestations  cardio-vasculaires,  il  existe  sous  acceleration  des  per¬ 
turbations  de  la  performance.  Heme  oi  ell’s  ne  refletent  que  tres  indirec tecent  la 
capacitc  fonctionnelle  du  cysteme  nerveux  central,  quelques  points  particuliers  meritent 
d’Stre  discuses,  car  ils  nous  paraissent  import ants  pour  la  security  des  vols  et  pour  la 
conception  des  interfaces  pilote-avion  d'armes. 

Los  perturbations  de  la  fonction  visuelle  sont  connues  dans  leurs  aspects  clemen- 
taires  :  diminution  de  l'acuite  visuelle,  retrecissement  du  champ  et  difficultes  d’explo- 
ration  du  champ  perceptif. 

On  ne  connait  encore  rien  de  la  vision  coloree  sous  facteur  de  charge,  alors  que  les 
presentations  de  1 ' information  commencent  a  foire  appel  au  codage  colore. 

Les  ncconismes  perceptifs  sont  largement  perturbes.  Les  illusions  sensorielles  qui 
appaiaissent  a  1 ’ ctablissemcnt  comae  a  la  cessation  de  1'acceleration,  licee  aux  stimula¬ 
tions  maximales  de  l'oppareil  vestibulaire  et  responsables  de  la  perte  des  references  \ 
spatial es  objectives,  sont  actuellr^aent  relativement  connues.  Hcis,  on  n'a  encore  aucune 
donnee  conceraant  les  effets  de  champ  et  les  jugements  perceptifs  qui  sont  a  la  base  des 
comparaisons  de  largeur,  de  distance  et  des  estimations  d’altitude  ou  de  vitesse  relative. 

On  a  rccemcK,nt  dccrit  des  troubles  de  dcsorientation  persistants  plusieurs  heures 
et  jujtqu’a  un  jour  apres  l'exposition  a  des  accelerations  elevecs  de  longue  duree.  II 
s’agissait  d'un  phenomene  de  desadaptation  des  organns  de  1 'equilibration  lore  de  la 
cessation  du  stimulus. 

Cependant,  l'hypothcse  de  lesions  mineures  des  organes  otolithiqueo  ne  peut  itrn 
rejetee.  La  disparition  dos  troubles  s'expliqucrait  alors  par  des  mecanismes  compensa- 
teurs  centraux.  Lorsqu'on  sait  1* importance  qua  rev-St  le  sens  de  l’cquilibre  dans  les 
phases  de  combat, on  ne  peut  etre  qu'inquiot  de  l'apparitaon  de  sensations  vertigineuses. 

Cos  tro’ibles  lebyrinthiques,  deja  importants  par  eux-nSmes,  conduisent  secondnire- 
nent  a  des  attitudes  et  a  dea  postures  pre judiciables  au  rachi.s  cervical. 

En  effet,  pour  se  soustraire  au  vertige  des  accelerations,  le  pilote  doit  figer  sa 
tete.  On  connait  pourtant  1  *  inc  idence  des  accelerations  sur  l'arthrose  cervical*,  patho¬ 
logic  du  sujet  jcune  aggravec  par  la  posture  figee  de  la  tete.  II  y  a  la  un  veritable 
cercle  vicieux,  puisque  l'arthresi  cervicale  est  une  ctiologie  frequents  des  sensations 
vertigineuses. 

Las  effets  directs,  mecaniques  des  accelerations,  touebent  bi^i  entendu  les  fonc- 
tions  rsotrices,  principalement  lour  coordination.  Difficultes  dans  les  atteintes  ges- 
tuellcs.  difficulte  dc  namtenir  un*  position,  a  l'origine  de  diff idles* problems* 
d’ ergonomic. 

C’est  ainsi  que  sous  facteur  de  charge,  la  position  aoutre  du  manche  est  non  seule- 
ment  difficile  a  peroevoir ,  cais  difficile  a  tenir. 

C'est  ainsi,  d’nutre  part,  que  le  pilote  - >unis  aux  accelerations  a  tendance  a  tirer 
sur  le  manche.  Lorsqu'il  reg* *de  a  l'extcrieur,  il  o  tendance  a  incliner  le  manche  du 
cote  de  son  regard  ou  le  pou.ier  s'il  regarde  en  bos.  On  peut  se  denander  si  dans  cos 
conditions,  un  petit  manche  a  efforts  purs,  repond  ou  mieux  au  problem*  ergonosiquo  ? 

Ce  petit  manche  doit-il  etre  a  droite  ?  ou  a  gauche  interfered  alors  avec  la  commonde 
des  gaz.  Ne  vaut-il  pas  mieux  alors  garden  un  manche  en  position  centrtle  ?  Hni j  il  y  a 
si  peu  de  place  pour  lui  dc  ;s  la  cabine. 

Pour  conclure  sur  ce  these,  roppelons  que  les  manches  se  sont  oujourd'hui  oracs 
d'unc  multitude  de  boutons  et  de  comandes,  de  taille  parfois  reduite,  qu’il  n'est  pas 
tou jours  aist  de  manipuler  lorsqu’on  a  de  gros  doigts  recouverts  de  gants  et  que  les 
accelerations  rendent  les  mouvements  fins  extremement  difficiles. 

A  1 'issue  ue  cet  expose,  il  nous  porait  indispensable  de  nous  poser  quelques  ques¬ 
tions  conccmant  la  tolerance  de  nos  pilotes  aux  nouveaux  profils  d 'act elc rat  sons ,  la 
protection  qur-  nous  devons  lour  assurer,  leur  entrnine-ment  et  leur  selection. 

En  ce  qui  conceme  la  tolerance,  nous  ne  pouvoas  pas  encore  repondre  de  fa^on 
definitive,  car  trop  d'tnconnucs  derecurent , particul : erement  en  ce  qui  conceme  les 
nctubolisocs  ou  les  fonctions  endocrinienucs  et  les  effets  a  tres  long  tense. 

Pour  ce  qui  est  de  la  protcc t ion, on  peut  d'orcs  ct  di ja  assurer  que  lee  pantalons 
anti-G  sont  msuffisants,  non  pane  qu'ils  n'apportent  aucune  protection  contre  les 
accelerations  c-levc-es,  mais  parce  que  leur  temps  dc  reponse  est  trop  long.  1.®  profil  des 
accelerations  au  courj  du  sei  tres  vrai scmblableraent  constituc  de  pics  tres 

brusques  d ’ace,  lerat  ions  .  levies,  11  est  done  a  ,  rmndre  que  du  fait  de  son  inertic. 
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1 ' equip ament  n'entrera  en  jeu  que  beaucoup  trop  tard.  II  n'est  pas  evident  que  1'on 
pourra  beaucoup  gegner  sur  le  temps  de  reponse  dec  valves,  cela  supposerait  soit  des 
debits  d'oxygine  prohibitifs,  soit  des  asservissements  complexes  et  de  fiabilito  douteuse. 

Lea  easaia  de  pregonflage  du  vetenont  que  nous  avons  realises  au  Laboratoire  ne 
nous  ont  pas  encore  apportes  les  resultats  que  nous  en  attendions. 

Nous  ne  soaaes  personnelleiaent  pas  tres  optiaistes  sur  la  possibility  d'utiliser  la 
respiration  en  surpression  course  moyen  de  retablir  une  distribution  norsale  du  volume 
sanguin  central  et  un  remplissage  cardiaque  satisfaisant,puisque  cette  methods  utilisee 
sous  fncteur  de  charge  parait  augmenter  sigcificativeaent  les  risques  d'atelectasies  pul- 
roonaires. 

Enfin,  nous  ne  concevons  pas  tres  bien  cosxaent  un  pilote  au  combat  pourrsit  long- 
temps  beneficier  des  manoeuvres  d' expirations  forceos  et  de  contractions  mosculaires , 
type  HI  ou  derivees,  parce  qu'elles  necessitent  la  flexion  forcee  en  avant  genant  la 
visibility  et  augmentant  le  risque  de  vertiges,  parce  qu’elles  sont  tres  fatigantas, 
surtout  si  elles  doivent  etre  sr.ns  cesse  repetces- 

II  ne  reste  plus  alors  que  l'espoir  de  transformer  en  partie  I'axe  d’application 
des  forces  d* inertia  en  inclinant  les  sieges.  Avec  un  angle  de  30*  cosmse  pour  le  TF  l6, 
ou  voisin  de  27*  comae  pour  le  Mirage  2000  on  obtient  deja  de  bons  resultats.  La  possi¬ 
bilite  de  realiser  un  siege  encore  plus  incline,  se  heurte  a  un  imperatif,  celui  de  voir 
et  a  de  tres  grosses  difficultes  techniques  d 1 aaenagement  de  la  cabine,  d’une  part,  et 
d’ ejection  du  siege,  d* autre  part. 

II  faut  done  entralner  les  pilotes.  Cet  entrainenent  pose  toutefois  des  problemes 
theoriques  et  pratiques. Dans  de  nombreux  pays,  ni  les  avions  equipunt  les  ecoles  des 
forces  aeriennes,  nr  les  rares  centrifugeuses  humaines,  ne  sont  capables  de  realiser  les 
profils  d' acceleration  dclivres  au  combat  par  les  avions  de  la  nouvelle  generation.  II 
y  a  la  un  probleue  d'equipeaent  qui  n'est  pas  pres  d'etre  resolu. 

Mais  il  y  a  peut  ctre  plus  grave.  On  est  en  droit  de  se  decander  quel  sera  le  gain 
de  cet  entralnement ,  compte  tenu  du  fait  que  l'on  connait  mal  la  tolerance,  que  I'on 
ignore  les  effets  des  expositions  repetees  dans  Is  journee,  a  fortiori  tout  au  long  de 
la  carriers  d'un  pilote. 

Puisqu’il  est  certain  que  ces  accelerations  intenses  et  soutenues  mettent  a  rude 
cpreuve  1 '  organ!  sine  humain,  ne  doit-on  pas  craindre  d'user  en  temps  de  paix  des  pilotes 
qui  feront  defaut  a  la  guerre  ?  Et  dans  un  conflit,  combi en  de  missions  de  combat  un 
pilote  effectuera-t-il  ? 

En  ce  qui  concerne  la  selection  des  pilotes  appcles  a  servir  ces  avions,  en  1'etat 
actuel  de  nos  connaissances,  nous  pensons  qu'clle  doit  et:  e  rigoureuse  et  s’adrcsscr  a 
des  sujots  jeunos. 

Certes  les  examens  medicaux  cliniqucs  et  biologiques  traditionnels  doivent  et.re 
maintenus  car  ils  permettent  un  premier  tri ,  mais  nous  avons  vu  qu'ils  sont  insuffisants 
puisque  des  sujets  roconnus  aptes  peuvent  presenter  lors  des  tests  en  centrifugeuse  des 
signes  manifestos  de  desadaptation  cardio-vasculaires. 

La  centrifugeuse  constitue  done  un  moyen  precieux  do  parfaire  le  bilan  medical. 
Encore  faudrait-il  que  les  tests  a  utiliser  soient  bien  codifies  pour  rechercher  une 
anomalie  cardio-vasculairc  et  qu'ils  soient  proches  de  la  realite  pour  avoir  valour 
d'entrainement. 

Au  esurr  d * *inc  ' cr.f?r?r.'> t  ^  -.«*  r  i  »nr^v 

un  projet  de  normalisation  des  tests  do  selection  a  etc  mis  sur  pie d.  Ce  iexte  suggere 
de  soumettre  le  candidat,  ^  une  acceleration  de  *  7  Gz  ctablie  avec  un  jolt  suptrieur 
a  1  g/s.  Ce  test  sera  a»rc*-C  et  le  pilote  declare  inapte  si  le  rylhme  cardiaque  depasse 
200  battements/mn,  de  mem-,  si  le  champ  visuel  sufci  une  amputation  de  plus  de  JO  p.  cent. 

A  ce  propos,  n  us  pensons  que  ce  profil  n’est  pas  — eali sable  avec  toutes  les  ccmri* 
fugcuses  actucller;  qu’il  est  dangcrcux  ctant  dorm  la  correlation  positive  qui  existe 
entre  los  fort  s  ti  hycardics  et  les  lesions  du  myocarde.  Rappjlons  qu'une  frequence  car- 
diaque  de  220-age  correspond  aux  possibility*  max males  cardiaques  lors  d'un  exoreice 
musculaire  exhaustif. 

Enfin,  ce  test  n'est  pas  realistc  car  on  peut  sc  demander  qu'clle  est  la  valour  au 
combat  d'un  pilote  amputc  de  la  noitic  de  son  champ  visuel. 

Kous  pre-fererions  srlcctionncr  des  pilotes  jeunes  apres  avis  rfu  commandement ,c ,,r 
c'ost  en  cscadre,  sur  lr  terrain, que  sc  recrutent  dans  la  pratique  les  pilotes  qui 
"tiennent"  les  accelerations.  Ces  mdividus  subiraient  alors  un  test  en  centrifugeuse. 
Test  unique  pratique  pendant  au  moms  dix  minutes  sous  3  ou  %  Gz  avec  surveillance  per- 
manento  de  1'ilccti.  ardiogramme,  la  frequence  ne  dovraii  pas  depassor  160  a  l8o  c/ses, 
et  du  champ  visuel. 


3.  -  LA  CHARGE  DE  TRAVAIL 


Le  Mirage  2000  differc  dc  ses  pKd('cesseurs  par  1  •  importance  de  1 ’effort  accompli 
pour  soulagcr  la  tache  du  pjlotc. 

Si  l'effort  est  coaronnc  de  suct.es,  en  ce  qui  concern  la  tache  physique,  il  est 
beaucoup  moins  certain  qu'il  en  soit  de  memo  de  la  tache  raentaie. 

L'acquisiticn  automatisec  ct  syntlictisi-e  des  uonnies  presentees  sur  des  scopes  .i\et 
■one  symbolique  colorce  nouvelle, pose  pour  certains  pilote.i  d  indvniables  problemes 
<1*  adaptation. 

Certains  auteura  ont  signali  la  survenue  sous  facteur  de  charge  Clcvc,  de  periodes 
breves  mais  poriodiques,  d’effondreraert  total  des  facultcs  mtellectuelles.  Cos  "trous” 
bien  analyses  par  WILKINSON  sont  interprets  ~ocmo  unc  saturation  des  capacity's  de 
traiteaent  du  systeme  nerveur.  central. 

Faut-il  en  deduire  qu’au  coars  de  profils  d'accelCrations  repc-tecs  de  niveau  elev<  , 
le  pilote  serait  periodiquement  dans  la  quasi  impossibil i tc  d'effectuer  *uie  tache  psy- 
chique  complete  ?  La  question  est  encore  sans  reponse,  d’autant  qu'il  n'cxiste  a  notre 
connaissance  aucune  etude  systematique  de  la  periode  qui  suit  1 'application  de  1 'accele¬ 
ration.  On  sait  peurtant  que  lorsque  le  systeme  nervoux  central  a  etc  souths  a  une  ogres 
sion  severe,  le  retour  a  un  niveau  d'evoil  normal  n'est  pas  instantanc.  Les  tlectro- 
encophalosranrnes  oontrent,  par  exomple,  une  persistanca  du  ralontissenem  du  rythme 
pendant.  15  a  ou  plus  apres  la  cessation  du  stimulus. 

Lc  travail  sous  sinralateur  permettra  aux  pilotes  d'acquerir  une  bonne  habitude  des 
procedures  et  linitera  sans  doutc  la  tache  lors  de  la  mission.  Mais  le  simulatcur  nc 
reerce  pas  toutes  les  conditions  du  vol.  II  y  a  peut-etre  beaucoup  a  attendre  des 
"g-seats"  recreant  chez  le  pilote  1* illusion  des  accelerations. 

4.  -  LA  HAUTE  ALTITUDE 

Les  missions  effectuces  jusqu'a  45.0*00  ft,  ne  posent  aucun  probletce  parf.iculier 
pour  le  Mirage  2000.  La  pressurisation  de  la  cobino  dont  le  A  P  est  de  l'ordre  dc 
30  KPa  (4,27  psi),  rctablit  a  45-000  ft  une  pression  cabine  de  44,7  KPa,  soit  une  alti¬ 
tude  equivnlente  d«  21.000  ft.  A  cctte  altitude  1* inhalation  au  masque  d'un  melange 
contensnt  45  p.  cent  d'oxygcne  permot  de  mamtenir  une  pression  tlveolaire  d'oxygene 
cgale  a  celle  que  l'on  obtient  a  1.500  m  en  respirant  l'air  a mb i ant.  En  cas  de  perte  do 
pressurisation, le  regulateur  est  capable  de  dclivrer  la  surpression  d'oxygene  pur  neces- 
saire  au  maintient  J'tn:e  pression  alviolaire  suffisantc  pour  evitor  des  troubles  severes 
d'hypaxie.  Avee  le  rcgulateur  choisi  la  respiration  en  pression  positive  lioitee  a 
1  KPa  est  possible.  Elle  permettra  d'isolcr  le  pilote  d'unc  ambiance  ABC . 

Pour  cc  qui  est  des  missions  accosplies  jusqu’au  plafond  de  l'avion,  soit  environ 
80.000  ft,  il  a  stc  nccessaire  de  pre voir  une  nrotcction  contre  1 'hypoxic  et  ics  risquos 
dc  surpression  pulmonaire,  s’'il  v  a  decompression  rapide  accidentc-lle. 

Cette  protection  est  assurce  par  la  pressurisation  de  la  cabine  dont  le &  P  roste 
d«  30  LPa  (4,27  psi).  jusqu'au  plafond  de  l'avion,  s'  bien  qu'.i  80.000  ft  le  rcgulateui 
dclivre  au  majque  un  milange  enrichi  en  oxygene  dc  faqon  a  mamtenir  une  pression  par- 
tielie  alveolaire  adequate. 


En  cas  de  decompression  si  l'on  vcul  c-vitcr  1 'hypoxic  fulgurante.il 
•'.r  au  pouaon  ce  i 'oxygene  pm  uii,  Swrp.casi— ..  I  'u:  Ji.  da  1 C  Hr. 
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On  sait  qu'unc  telle  valour  de  surpression  n'est  pas  tolerable  ou  plan  physiologi- 
que  du  fait  dc  l'mconfort,  des  troubles  respi ratoires  et  vas-ulaires  qu'ellc  entraine 
et  qu'elle  n'est  pas  realisable  avee  1 ' «’-qui pement  utilise  on  basse  altitude  du  fait  des 
fuites  du  masque. 


Par  ailleurs,  la  necessity  de  dnainuer  le  rapport  de  pression  clevi  qui  existerait 
entre  les  alveoles  ct  la  pression  baromclrique  ambiante  ou  debut  d’unc  decompression 
rapide  a  ament  a  etudier  un  vetcacnt  pressurise*. 


Celui-ci  a  done  un  double  but,  assuror  l’isobarie  respiratoire  et  autonscr  la  res¬ 
piration  en  surpression  a  fort  gradient  d'une  part,  assurer  un  rapport  dc  pression  «v.- 
tant  la  distension  pulmonaire  lors  d'une  decompression,  d'autre  part. 

Etant  denne  1 'obligation  qu'a  lc  pilote  de  s'rquipcr  d'un  pantolon  anti-g  pour 
1 ' execution  de  sa  mission,  quelle  que  soit  1* altitude  atteinte,  il  a  etc-  decide  d'otili- 
ser  cet  equipement  pour  rcaliser  la  contrep; nssion  Is  1 ' abdomen  et  des  merabres  mfi— 
rieura. 


I -a  protection  des  territoires  supericurs,  est  rcalis-'-c  par  un  blouso;.  pressures "  , 
les  deux  cquipeaents  etant  asservis  ou  rcgulaiecr.  Enfm  un  casque  itanchc,  lui  aussi , 
assure  la  protection  de  la  tetc.  Il  comportc  en  outre,  un  ttnge  respiratoire  pen-facial 
oui  remplace  le  masque  traditionnel . 

En  utilisation  normal  1 'equipement  assure  la  protection  anti-G  et  d'autre  part  la 
protection  contre  1 'hypoxic.  S'il  v  „  perte  rapide  de  la  pressurisation  cabine  le  panta- 
lon  ant i-G  n'obeit  plus  a  la  loi  de  la  valve  mais  a  la  loi  de  surpression  altimetnque 
du  regulateur  et  se  gonfle  cose  le  bliuson  et  le  casque  de  faqon  a  reiablir  a  toute 
altitude  une  pression  de  lo,6  KPa  (2,65  psi),  soit  environ  40.0CU  ft. 

Cet  equipement  en  t.-ois  parties,  permet  un  habillagc  rapide  et  un  confort  accru. 

Les  chances  de  victoires  appartiendront  ou  pilote  operant  dons  les  oeill cures 
conditions  de  confort.  Au  stress  lie  aux  variations  brutales  de  vitc.sse  et  de  direction, 
a  la  haute  altitude,  a  la  tache  mentale  elevee,  nous  devons  nous  garder  d’ajouter  les 
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contraintes  liees  a  ua  siege  inconfortable ,  a  des  boutons  ou  susnattos  inaccessibles ,  ou 
nal  dessinees,  A  uno  cabins  exigue  et  sal  clieatisee. 

Ce  dernier  point  nous  parait  primordial. 

Dans  los  avions  de  combat,  dune  le  Mirage  2000,  le  volume  de  la  cabine  est  bien 
faible  en  regard  de  la  surface  vitree.  La  contrainte  thersique  due  a  la  radiation  en 
altitude  pent  y  6tre  tres  elevee  et  realiser  das  points  chauds  insupportables.  D* outer t 
plus  quo  le  port  d'un  equipesent  important  et  du  casque  gSne  considerablement  les  possi— 
bilites  de  thersolyse  physiologique.  La  climaCisation  de  l'avion  doit  done  etre  particu- 
3 iSrement  soignee  qcitte  a  saerifier  quelques  KPa  dan-  la  pressurisation  del’ avion.  Ella 
restera  pourtant  encore  longtemps  tributaire  du  refroidissement  de  1 ’ electroniqus  de 
bord  <  .at  la  masse  va  en  augsenta nt, 

En  conclusion,  les  missions  devolues  au  Mirage  2000,  auront  indubitablesent  des 
repercussions  sur  l'etat  physiologique  du  pilote  et  peut  etre  aussi  sur  sa  sanic  a  long 
terse.  Ce  sont  les  accelerations  intenses  sans  cesse  changeantes  en  module  et  as  direc¬ 
tion  qui  ropxvsentent  a  nos  yeux  le  facteur  limit ant  actuel  de  I’adaptation  de  1 ’home 
si>£  avions  future. 
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DISCUSSION 

vonEestorff  (FRO;.  You  mentioned  that  the  air  conditioning  should  be  able  to  guarantee 
a  constant  skis  temperature*  si  soae  33  degrees  C.  Does  this  hold  for  all  sorts  of 
flight  clothing? 

Beck  (UR).  Strictly,  yes,  as  this  refers  ts  the  mean  skin  temperature  {i.e., 
under  the  clothing/.  The  quoted  necessary  range  of  cockpit  temperatures,  however,  does 
net  account  :  ;  tne  additional  insulative  effects  of  multiple  and/or  impervious  layers 
of  clothing  as  in  NBC  clothing,  assemblies,  use  of  an  ismaersion  garment,  etc. 

Austin  (USA).  I  heard  reference  in  the  French  aircraft  to  a  high  altitude  pressure 
suit  for  missions  above  50.000  feet,  I  presume ,  but  no  inference  in  the  other  two. 

Does  each  of  the  aircraft  have  capability  for  a  high  altitude  pressure  suit? 

Varin  (FR) .  On  the  Mirage  2000  we  have  a  pressure  suit,  sot  a  fully-pressure 
suit,  but  chat  we  tried  to  do  with  the  ?000  is  to  have  the  capability  of  cc*tir  back 
down  to  30,000  feet  without  any  problem.  In  the  old  Mirage  3  we  had  the  capa  lity  of 
flying  one  hour  without  pressure  at  very  high  altitude. 

Beck  (OX).  A  pressure  suit  could  be  used  with  the  Tornado  but  >ts  use  is  not  bo* 
planned. 

Ettinger  (USA).  A  full  pressure  suit  was  flown  for  test  purposes  only  in  the  YF- 
16.  The  production  F-16  is  not  intended  to  be  use-'  operationally  ,ith  a  pressure  3uit. 

Brlctson  <BSA).  For  She  author  on  the  -..'format ion  transfer  paper,  at  what  stage  of 
development  are  these  missile  launch  envelope  displays?  Are  they  operationally  avail¬ 
able  now,  have  they  been  experimentally  evaluated? 

Kalsricki  (USA).  Os  the  f_16  and  v-15  aircraft  we  have  missile  launch  etvelope 
displays  operationally.  The  technique  in  this  paper  of  providing  this  continuous 
engagement  trend  indicator  is  presently  iu  advanced  development  and  about  tc  inter 
flight  test  phase.  Yes,  there  are  operational  fire  control  displays  for  missile 
launch  envelopes.  Se  intend  to  improve  them. 

Thomas  (USA) .  On  the  YF-16  you  indicated  three  ranges,  the  H  max,  the  R  min  and  the  R 
regardless  of  maneuver.  The  R  sax  is  dependent  upon  the  aircraft  target  maneuvering. 
You  showed  that,  is  that  correct? 

Eulwicki  (USA).  Yes,  in  fact  the  way  fire  control  system  are  mechanized,  the  fire 
control  solutions  assume  sonmaneuvering  targets.  The  exception  is  the  F-15  aircraft  as 
a  so-called  deterministic  algorithm  that  holds  the  target  g-Ievel  at  release  fyr  a 
period  of  two  seconds  then  reverts  back  to  nonmaneuvering  status. 

Thomas  (USA).  In  those  three  categories  that  you  showed  on  the  slide,  the  R  max.  is 
that  a  function  of  the  target  maneuvering  or  is  that  presuming  no  maneuvering? 

Kulwicki  (USA).  Essentially  no  maneuvering. 

Colin  (FR).  Why,  having  a  30  degree  back  angle  seat  on  the  F-16  all  the  slides  and 
fils  show  us  a  pilot  seating  straightway? 

Varin  (FR).  Having  flown  the  Mirage  2000  and  the  F-16,  1  can  answer  this  question. 
The  seat,  inclined  at  30  degrees  or  more  is  very  attractive  is  regard  to  the  load 
factor  maintained  by  the  pilot.  And  also  it  Is  very  comfortable.  But  an  aircraft, 
specially  a  fighter,  is  not  done  only  for  ferry  flights,  or  acrobatics  under  heavy  g. 

The  pilot  must  shoot  the  target  which  is  not  always  in  steady  flight.  The  pilot  has  to 
use  head  down  and  head  up.  He  must  see  then  and  especially  be  has  to  use  the  complete 
(view  field  range 1  of  the  bead  up  and  he  can’t  afford  to  be  at  80o  or  sore  of  the  HUD, 
Therefore,  the  pilot  is  taking  the  best  place  to  use  the  whole  symbology  of  the  HUD. 

The  mounted  flight  helmet  can  improve  in  a  certain  respect  this  problem  and  for  short 
periods  the  pilot  can  use  It.  specially  in  coebat  but  in  that  case  he  will  not  aii 

the  information  given  in  the  HUD. 
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Any  new  system  is  no  more  effective  than  its  human  operators,  whose  sensory,  muscular  ( 

and  cognitive  capabilities  it  merely  extends  when  responding  to  mission  and  environmental  , 

stress. 

i 

! 

The  purpose  of  this  meeting  session  was  to  understand  the  operational  characteristics  of  the 
|  new  high-performance  aircraft  to  be  shortly  introduced  into  the  NATO  Forces  in  relationship 
to  the  operator’s  physiological,  cognitive,  psychomotor  and  perceptual  capabilities. 

For  the  first  time  at  an  AMP  meeting,  pilots,  engineers  and  aviation  medicine  specialists 
|  convened  together  to  discuss  relationships  between  man  and  machine  in  order  to  identify 
any  biotechnology  research  deficiencies  and  establish  appropriate  selection,  training  and 

assignment  criteria  for  future  high-performance  aircraft.  ^ 
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ance  aircraft  to  be  shortly  introduced  into  the  NATO  Forces  in  relationship  to  the  unee  aircraft  to  lie  shortly  introduced  into  the  NATO  Forces  in  relationship  to  the 
operator’s  physiological,  cognitive,  psyclioniotor  and  perceptual  capabilities.  operator’s  physiological,  cognitive,  psychomofor  and  perceptual  capabilities. 
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